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PREFACE. 
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In the following Treatise the Author has aimed 
at bringing before the reader the best methods 
for practice in the art of Land Surveying, and 
the most convenient formula for computations in 
working out the required results. As the subject 
embraces surveys for Statistical, Estate, Colonial 
and Engineering purposes, it has been a leading 
object to attain practical excellence in the field and 
office work required of Surveyors and Engineers of 
skill and ability. This object will be best secured by 
holding practice subject to theory ^ properly applied, 
80 that sufficient verifications may be readily had 
and the degree of accuracy easily ascertained. The 
operations requiring attention for securing these 
essentials of a good survey are concisely, yet 
fdUy, described, without speciaUy directing the 
attention of the reader to a different faulty 
practice, in order to condemn it, except in some 
cases where practice has been apparently, but 
not properly, based on theory. In describing 
surveys in which theory has been much disre- 
garded, and the instruments used not suitable for 
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the service, fhe Author has drawn attention to, 
and thrown out suggestions for, improvements in 
the means and on the modes for making these 
surveys* Although Land Surveying is by no means 
a new subject, still, until a comparatively recent 
period, the art was not skilfully practised. Even 
at the present time authors of works on the sub- 
ject do not sufficiently realise the existence and 
extent of the obstacles the surveyor encounters in 
the field-particnlarly in extensive snnreys. 

m 

In a work on the subject much absolute novelty 
cannot be expected. The Author believes, however, 
that the present work contains much that is new 
to the public, whilst he hopes the treatment of 
parts not altogether new will be appreciated by 
readers desirous of acquiring skill and ability in 
the designing and making of really good surveys. 
He would foUow the example of others, and lay 
claim, in this place, to the new matters, and 
the improvements on operations not altogether 
new which are described in many places through- 
out the work, if such information were of much 
practical importance to the reader, or if it would 
add to the value of the work. As he is, however, 
not quite certain that these desirable objects 
would be served to any great extent by stating 
in a pre&ce the particulars of his special claims, 
he is satisfied to allow the text to be his index. 

The work is divided into two parts. Part I. 



PBEFAOE. Vll 

relates to the Field Wobk^ and Fart IL to the 
Office Woke and Inbtbumeitts used m Sus- 
YEYDra, &c. The Author's arrangement of these 
parts enabled him to preserve the continuity of the 
•descriptions in the body of the work, by collecting 
the examples of computations from the formula 
dispersed throughout t^e descriptions, in a separate 
Chapter. It is hoped this separation of the descrip- 
Uons and exa/m/ple cavivputaUons will be found, not 
only by engineering students in colleges and 
schools, but also by professional and private gen- 
tlemen, to be advantageous for the study of the 
subject. And it is also hoped that the ntmierous 
woodcut and copper-plate illustrations will be 
found to greatly assist the reader in fully com- 
prehending some parts requiring particular at- 
tention. 

Belfast : Jidy 6, 1869 
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SURVEYING. 



PART I. 

^ CHAPTER L 

GBNKBIL SEVASKg, FBELIMIHABT TRAINIKGy ETC. 

When it is required to ascertam the area of a gives 
plot of gromid, or when it is reqnired to obtain, to a 
diminished scale, an accurate representation on paper 
of the detail and boundary lines of a parcel, plot, or 
district, a survey of the parcel or district is necessary, 
in order to ftimish data for the above purposes. The 
survey may be made to ftimish data for laying down 
on paper a map or plan only. It may also be made 
to furnish data for ascertaining the area, and laying 
down an accurate map. 

The area of any defined surface is the number of 
square links, square feet, perches, roods, acres, square 
miles, &c., contained within its enclosing or boundary 
lines. In Land Surveying for Statistical, Estate, and 
other like purposes, the surface, the area required to 
be ascertained, is that on a horizontal plane, to which 
the position of the bounding and other detail lines shall 
be referred by vertical lines. When the district is very 
extensive, the area on the horizontal plane would not be 
strictly correct. In these cases the area should be com- 
puted as for a spherical surface, at a given distance 

B 
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from the centre of the earth (asnallj the level of the 
sea), to which the vertical lines will correctly refer the 
position of the detail. In hjdrographical surveys, and 
surveys for a map only, the position of the detail is 
also referred to the horizontal plane by vertical lines. 
The data obtained in this manner will have reference 
to the position of the detail referred to the horizontal 
plane. 

By * detail ' is meant objects or outlines, natural or 
artificial, such as rivers, water margins, beach marks, 
lakes, seas, and precipices, &c.; walls, houses, fences, 
roads, canals, and other public ways, <&c. 

A map, which is a general representation of surface 
and other features, is an accurate representation, laid 
down to a diminished scale on a plane surface, such as 
a sheet of paper. The corresponding surface is in the 
horizontal plane, to which, in the survey, the detail shall 
be referred. 

In surveying operations two classes of instruments 
may be used— namely, instruments for measuring dis- 
tances, and instruments for measuring angles. Chains, 
or other measures of equal parts, are generally used for 
measuring the former, and the theodoHte, or other suit- 
able angular instruments, are used for measuring the 
latter. In laying down on paper a correct representa- 
tion of the detail surveyed with these instruments, 
plotting scales, or measures of equal parts to the 
diminished scale, are used for laying down the linear 
measurements; and protractors, or graduated circles, 
for laying down the angles, or angular measurements. 

On the skLlM use of the Field Instruments, and the 
geometrical construction adopted for the survey, will 
mainly depend its excellence. A careless or unskilful 
use of the instruments, or an ill-conditioned geometrical 
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consimctioii, will render the snrvej one of an inferior 
cbftracter. 

On the sldlfnl use of the Office Instmments, and the 
accurate delineation of the plotted detail, together with 
accttracy in the field work, will depend the character of 
the office work and the accoracj of the map or plan. 

The Subveting Chain, 

The surveying chain is a linear measure of equal 
parts. In these countries the chain is generally made 
of round iron wire, in equal links, or lengths, to the 
number of 100. These links are connected by circular 
or oval rings. The extreme ends are famished with 
swivels and open handles of brass or iron. The chain 
of 100 links is usually divided into 10 equal parts, of 
10 links each, by brass pendants, the outer edges of 
which have prongs, to indicate the number of links 
from the nearest end of the chain to the brass pendant. 
The pendant at the middle, or 50 links, of the chain is 
rounded on its outer edge. The best chains of this 
manufacture are those which are light, yield least under 
a strain of about 30 lbs., and recover their original 
lengths on removing the straining weight. Chains are 
made of various lengths, depending on the object and 
field of the survey. 

In Land Surveying for Statistical, Estate, and like 
purposes, a chain of 66 feet in length is very generally 
preferred. For engineering and some other purposes, a 
chain of 100 feet in length is more convem'ent than a 
chain of 66 feet, in which a link is less than one foot in 
length. 

On the Continent the linear measure most approved 
and in most general use is manufactured of a single 

b2 



4 ON LAND SUBYEYOra. 

piece of steel tape, fanushed with X'l^^^c^ &^ ^ 
ends. On some measures of this make the secondary 
divisions are marked in the process of rolling the tape, 
and on others the secondary divisions are marked with 
brass discs, riveted to the tape. These measuring 
instruments are nsnally 20 to 30 metres in length. In 
clear open country, or in the hands of a careftd sur- 
veyor, these measuring instmmenis are decidedly su- 
perior to the chain constructed of many separate pieces 
connected by rings. The latter is liable to stretch, by 
the partial opening of the numerous rings, whenever 
the chain is subjected to an over strain. This is a cir- 
cumstance of frequent occurrence in the field. 

The Gobbect Lehgth of the GnAm. 

Iron, of which chains are manufactured, expands with 
increase of temperature. Hence a chain has a ' Btandai*d 
length' at a 'standard temperature.'* Whenever the 
temperature changes, a corresponding correction should 
be made on the length of the chain, to bring it to the 
standard length. If a chain be applied to the ' standard,' 
and, when drawn by a strain of from three to five pounds, 
its length be made equal to the * standard ' length, and 
the temperature of the chain be noted, the chain may be 
afterwards used for laying down a temporary standard in 
a distant locality. For this purpose the chain should be 
undisturbed in the meantime. In laying down a standard 
with the chain, regard must be had to tho proper strain 



* The standard measure of length, for surveying purposes, is a 
multiple of the standard yard kept in the Exchequer Office, West- 
minster. Under mean atmospheric pressure, the standard tem- 
perature is 62^ Fahr. 
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and temperature. For this purpose let I be the standard 
length of the chain, t the corresponding temperature in 
degrees (Fahr.), and if the temperature in degrees 
(Fahr.) when the chain is extended for laying down the 

* standard/ Then fgoQQQ x — will be the error between 

the chain and standard lengths. It is desirable to have 
always ready for use a standard measure, such as a well- 
constructed chain, or a set of glass rods, in order to 
restore the standard, should the ' standard * marks on 
permanent objects be obliterated or otherwise destroyed. 

The permanent objects on which the standard may be 
laid down for daily use should be easily accessible, such 
as kerb-stones, flagged pavements, the cut-stone coping 
of a bridge, or other like sur&u;es. The standard length 
should be finely marked by weU-defined transverse cutSy 
made accurately at the standard distance apart. The 
chain for use in the field should be applied to this 
standard, before and after each day's field work, to 
ascertain its length. If the length of the chain exceeds 
the standard length by one or more rings, these should 
be removed at or near the ends, and the error remain- 
ing, if any, noted in the field-book. This error should 
be entered to the work surveyed with the chain in that 
condition. K from any cause the chain be broken in 
the field, the circumstance should be noted in the field- 
book. The chain should not be again used in the field, 
after repairs, before its readjustment to the ' standard ' 
length. 

For surveys of considerable extent, it is desirable that 
a ' standard ' be laid down in the immediate neighbour- 
hood of the survey operations. For this purpose a suit- 
able surface may not be available. In this case the sur- 
veyor should select convenient ground, having an even 
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surface, into which two stakeq should be driven, at 
abont a chain's length apart, and saw-cnt at the snr&ce 
of the ground. On the, saw-cut surfaces of the heads 
of these stakes the standard length should be marked 
as abeadj described. In applying the chain to the 
* standard,' care should be taken to free it of aU dii*t 
and ringlocks, which would interfere with its measured 
length, 

Measueing Horizontal Distances. 

The accurate admeasurement to the horizontal of a 
straight line not in the horizontal is essential to a correct 
survey. To acquire skill and ability in this operation is, 
therefore, very important indeed. 

For the purpose of finding the horizontal distance in 
such oases either of two modes may be followed. In 
the one the chain only is used ; in the 6ther, in addition 
to the chain, an angular instrument is used. 

HoEizoNTAL Distances — ^With the Chain. 

In addition to the chain, the survey party should be 
provided with ten arrows, a conical plummet, a small 
spade, and several ranging-rods, or flag poles. The 
arrows are used for marking on the ground the measured 
chain lengths ; the plummet is used for referring the 
chain length in the horizontal to the inclined surface; 
the spade is used for making pickets, piles, slashing 
thickets, and passing the chain through hedge-rows. 
The ranging-rods are used ad field objects, to facilitate 
the accurate tracing of straight lines, and the surveyor's 
other operations in the field. 

In the survey operations, the first and very important 
preliminary matters to be attended to are — to judge 
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when the chain is held in the horizontal plajie, and when 
it is drawn oat to its * standard ' length. For the pur- 
pose of training the eye and hand to determine accurately 
these conditions the following practice is almost indis- 
pensable : — 

On gronnd sloping at about 1 in 14, wands should be 
set up at about ten links apart, and cross-pieces in the 
horizontal plane attached to them, so that the chain, 
when attached to the higher ground, and extended on 
the cross-pieces, may be throughout in the horizontal 
plane ; the end of the chain on the higher ground should 
be securely attached to it by arrows or otherwise. The 
free end of the chain should be held to the line of the 
cross-pieces on the wands, and the chain Mly drawn 
out When the chain is so held and extended, its length 
should be referred to the surface of the ground, by letting 
the plummet fall free from under the free handle to 
mark on the ground with its conical point the correct 
chain length in the horizontal referred to the inclined 
surface. This should be repeated several times to verify 
the marked surface point, or chain length, and the eye 
trained to judge the horizontal when placed at the 
higher or lower station, the cross-pieces should be re- 
moved from all the wands except the one next the 
lower station. The free handle should be now held to 
the former level, as shown by the remaining cross-piece, 
and the chain drawn out with sufficient force to make 
the plummet in its free fall from under the handle of the 
chain hit the previously determined correct chain length 
ppint on the surface. This practice should be continued 
until the hand estimates accurately the necessary force, 
and the eye judges correctly when the chain is held 
in the horizontal. All the wands should be now re- 
moved, and the previous training tested by drawing out 
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the chain in the horizontal, and referring its correct 
length to the inchned surface as before. Like practical 
training for other inclinations should be gone through 
until the eye and hand be sufficiently educated for their 
respective duties in judging when the chain is in the 
horizontal, and strained so as to measure the correct 
length.* 

The eye once trained will judge the horizontal for all 
practical purposes; but the hand must be frequently 
trained to measure the strain to be applied to each chain, 
and to the same chain at different times during its use. 
The practical importance of this training cannot be over 
estimated. The survey party who may have acquired 
sufficient skill and ability in laying down on the ground 
a chain length in the horizontal plane will, by attending 
to the following, find little difficulty in measuring accu- 
rately the horizontal length of a straight, line. 

Measurement of A given Straight Line. 

In proceeding to measure a given line, the surveyor's 
assistant should draw out the chain approximately in the 
line to be measured. The surveyor, or ' follower,' who 
determines the trace of the line forward, should at the 
same time place the eye, with which he determines 
the trace, in the vertical plane of the line, and holding 
the handle of the chain directly under the tracing eye, 

* The chain, when supported at the ends only, lies along a ca- 
tenary curve. In this position the direct length of the chain is less 
than the curred or true length. The chain composed partly of 
numerous rings, cold butt-jointed, when subjected to a sufficient 
tensile strain, will elongate, by the opening of the ring-joints, to an 
amount, or length, equal to the difference between the direct and 
curved length, so that the direct length of the chain under straiii 
may be the correct length. 
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he shonld glance along the cbaiii held tight in the straight 
line, by which he will perceive if the chain lie in the 
trace of the given line. If the chain be not in the trace 
or vertical plane of the given line, the sorveyor shonld 
direct the ' leader/ hj signal or otherwise, to change his 
position nntil the chain be accnratelj adjusted in the 
vertical plane of the given line. The surveyor should 
then pass a few waves through the chain, with a slack 
hand, to free it from dirt and ringlocks, and holding the 
handle of the chain accurately to the end, or arrow, as 
the case may be, direct the leader to keep the chain fully 
drawn out^ and to mark accurately the chain length with 
an arrow. This shoxdd be done on soft ground, or till, 
by driving the arrow vertically into it : on hard ground, 
such as rock, roads, dbc., the chain length should be 
marked by scribing two lines with the point of an arrow 
from the proper point, thus A » ftt which mark an arrow 
should be left for the follower. J£ the ground be not 
horizontal in the direction of the line, the chain length 
in the horizontal should be determined on the ground as 
above described. The point should be marked with an 
arrow. Whenever the follower may be at the lower 
point the chain length cannot be laid down, for certain, 
at one operation. In this case the leader sbould drive 
the arrow into the ground as near as may be at hori- 
zontal chain length, and hold the handle of the chain 
accurately to or over it^ as the follower may require, 
whilst the latter should determine the chain length in 
the horizontal, and refer it to the ground as already de- 
scribed. The difference between the point so determined 
on the surface and that marking the forward end of the 
last chain length laid down, if any, should be accurately 
measured and applied ( + ) to the forward arrow-point, to 

accurately determine the point for the chain length. To 

b3 
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this point the arrow should be removed before again ad- 
justing the chain in the line. The leader should be 
care:!^ not to leave any arrow after him except those 
marking the chain lengths. These the follower should 
take with Vn'm as he completes each chain length in the 
measurement of the line. The surveyor should not draw 
the arrow at his end [of the chain length being laid 
down], before his assistant has finally driven the arrow 
into the ground, or otherwise marked the point for the 
forward end of the chain length. 

SkilM surveyors, in order to economise time, in 
measuring on long and uniformly inclined planes, on 
which there may not be detail, measure a chain length 
to the horizontal and a corresponding chain length on 
the inclined plane, and so determines the error due to a 
chain length on the incline. The surface measure may 
be that taken for the remainder of the incline. The cor- 
rection for inclination should be made at the end of the 
incline by changing the position of the arrow, forward, a 
distance equal to the ascertained error, on one chain length 
multiplied into the number of chain lengths measured to 
the surface. This expedient to economise time should 
not be adopted, even by skilftd surveyors, if a high 
degree of accuracy is an object, since any error fallen 
into in the determinations on the one chain length in- 
creases with the distance. When each chain length is 
measured to the horizontal, the errors compensate, to an 
unascertainable amount, and hence the greater attain- 
able accuracy. 

On grounds sloping so that the chain cannot be held 

to the horizontal at its end, the leader should take up 

the chain, in downhill work, at a point which he can 

hold to the horizontal, and refer that point in the hori- 

ontal to the inclined surface, as already described. The 
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point on tHe chain should be adjusted to the correspond- 
ing point on the surface, and in this position handed 
over to the follower. The remaining part, or parts, of 
the chain should be held to the horizontal, and their 
lengths referred to the inclined surftice, until the whole 
length of the chain be so referred: the leader should 
mark with an arrow the end of the chain length. In 
uphill work a similar process may be followed, with this 
difference, that the leader should shift his point on the 
sur&ce, until the plummet, now used by the follower, 
marks the point on the surface last determined ; then 
will the leader's point be accurately found. The chain 
should not be disturbed from the point on the surface to 
which it is held by the leader, until the follower takes it 
up for the purpose of laying down the next forward part 
of the chain length. 

The operation of laying down a chain length to the 
horizontal on the level, and in tip hill or dovon hill work, 
described above, should be repeated, as may be required, 
for each successiTe chain length until the whole distance 
be measured. 

If the measured distance be less than ten chains, the 
number of arrows taken up by the follower will be the 
number of chain lengths laid down, to which should be 
added the links (if any) or fraction of a chain, to find 
the number for entry in the field-book — ^the expression 
in chains and links for the whole measured distance. 

K the distance exceeds ten (or any multiple of ten) 
chains, the arrows must be passed from the follower to 
the leader at the forward end of each tenth chain laid 
down, which should be marked with a picket, thus ^> , 
so that the acute angle may accurately mark the tenth 
arrow point. Eveiy change of arrows should be entered 
on tbe field-book, so that the whole length of the 
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measured line may be expressed hy adding the number 
of arrows less than ten, and the links (if any) to the 
nmnber for ultimate change of arrows, thus 30 + 5 + 
0*84 will read and should be entered 35*84. It is cus- 
tomary and advisable to enter the measurement in links 
(3584). 

It has been found, on the Ordnance (detail) Survey of 
these countries, that fair average surveyors, making 
large progress in open country have mLu;ed theb 
lines to the horizontal, in the manner described above, 
with the maximum error not exceeding 1 in 1,000. Like 
surveyors, in close detail and stiff hiUy country, making 
large progress for the class of work, have brought the 
maximum errors within 1^ in 1,000. Superior surveyors 
have brought the chain measurement of the sides of tri- 
angles, in undulating and hilly districts, to within 1 to 
2 links in the mile of the computed distances.* 

EiNDiNa Horizontal Distances with the Chain and 

AN Angulab Instrument. 

Let the distance to be obtained be that of a straight 
line between two distant points in a hilly countiy. 

For the purpose of the survey, two separate parties 
proceed — ^the one previous to the other — along the sur- 
face trace of the line. The surveyor first proceeds to 
make the measurements with the chain to the sur&ce, 
in the trace of the vertical plane, passing through the 
given extreme points. The measurements may be com- 
menced at either end of the line, and should be con- 
tinued to the other end. In making the detail and 
reference line measurements, the surveyor should Inark 

* The distances of the sides of the triangles veore computed in the 
"igonometrical survey. 
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on the gronnd each change of inclination — snch as 1, 2, 
3, &c, (fig. 1) — ^bj a picket and pile. The entries of the 
measnrements for these pickets should be distingnished 
on the field-book by the initial L.P. (level point). After 
the survey of the line shall be completed, a copy should 
be furnished to the party for levelling the line. 

The theodolite, or ' level jiarty,' when furnished with 
a copy of the survey of ' detail ' and * level points,' is 
enabled to follow the trace of the line, and make the 
angular measurements (^) for inclination of the several 
planes selected by the surveyor (such as A — l, l — ^2, 2 — 3, 
&c.). From these data the horizontal distance may be 
computed for each plane selected, and the sum taken to 
find the horizontal distance for the whole line {A B), 

If the sur&oe be flat, or a plane, the surface trace of 
the lioa^ viewed on a vertical plane, will be a straight 
line, horizontal or inclined, according as the surfiBu^e is 
horizontal or inclined in the directioii of the line. K, 
however, the surface be concave or convex, as in hollows 
and on hills, then its trace on the vertical plane wiU be 
curves of a corresponding character. These features 

Kg. L 




may be illustrated by the sketch (fig. 1), which shows a 
surfiace trace on a vertical plane. 

In the sketch A B are the distant points ; A^\y2^ 3, 
&Q.y B are level points (L.P.) in the surfiice trace. 
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The horizontal distances corresponding to each in- 
cline may be computed by substituting values in the 
formula— 

r cos ^ Z = A 

In this formula r represents radius, ^ the angle of 
inclination with the horizontal, I surface length of the 
incline (4 — 6), and h the horizontal distance correspond- 
ing to Z. If r = 1, cos ^ may be taken from a table of 
natural sines and cosines, and the computations made 
without the aid of logarithms. The horizontal distance 
corresponding to each plane should be found, and the 
horizontal distance for each L.P. obtained by taking the 
sum of those distances from the first computed distance 
to that terminating in the point inclusive. These i*e- 
duced distances should be entered, in red, to their re- 
spective L.Ps. on the surveyor's copy of the survey. 
The copy, so corrected for each level point and the 
whole line, should be returned to the surveyor, that he 
may transfer the entries in red to the original survey of 
the line. 

It may be observed that the surface measure between 
consecutive ]evel points may be greater, and can never 
be less, than the distance in a plane passing through 
these points. Hence errors due to the deviation of the 
surface fi^m the levelled incline — i.e. the incline selected 
by the surveyor must al/wa/ya accumulate. And as these 
cases are of frequent occurrence, the computed must be 
greater than the actual horizontal distance by an un- 
ascertainable amount. With a view to reduce the amount 
of calculation required for making the reductions, which 
is very considerable, the vertical limbs of some theodolites 
are graduated to give the error in links per chain length, 
of 100. links, in the inclined surface. The saving in 
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time thus effected is obtained at a great sacrifice of 
accnracj, and hence the adoption of the expedient was 
ill advised. 

Besides the great labour and chance of arithmetical 
error in finding the reduced horizontal distances for the 
whole line and the several level points, much labour in 
computations is further required to reduce the surface 
measure of every detail and reference point in the. line 
to the corresponding horizontal distance ; so that not 
one original measurement is allowed to stand without 
correction. From this it will be seen that the map or plan 
and computation for areas cannot be had from original 
but only from secondary documents, which may contain 
errors of calculation superadded to errors in booking 
and making the original measurements, and these are 
without any convenient means of correction. 

There is another very serious objection to this method, 
as it is desirable that the measurements first entered on 
the field-book should be as few as may be necessary to 
give the data complete, and that each entry for com- 
putation or laying down a map on paper be an original 
entry. 

From these considerations, and those already stated, 
it is obvious that for all practical purposes the measure- 
ments to the horizontal with the chain are preferable to 
the measurements to the surface with the chain, and the 
reductions of this measure to the horizontal by com- 
bining it in computations with vertical angles measured 
with a theodolite. 

In the early part of the Ordnance Survey of Ireland 
the method last described was adopted for finding the 
horizontal distance in connection with the survey of 
detail. Subsequently, and on the revision of the dis- 
tricts so surveyed, the horizontal distances were obtained 
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by meamirementB to the harizontal with the chain. In 
erery Cflwe the measnrements made according to the 
latter practioe were fonnd to be more accurate than the 
computed results in the method first adopted* Some 
lines in the original survey, which had the reduced hori- 
zontal distance as much as about 30 links greater than 
the correct distance found in the trigonometrical survey, 
were, on the revision survey, measured to the horizontal 
with the chain, and brought to within three links of the 
computed distance. 
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CHAPTEE n. 

SUBYETING FOB DETAIL WITH THE CHAIN — GEOMETBIOAL 

FIGURE. 

In the foregoing Chapter the general practical survey 
operations are treated with respect to the simple mea- 
surement, or determination, of the horizontal distance 
of a given straight Hne. In this and the following 
Chapter, relating to the survey of a district, the geo- 
metrical construction, or figure, for selection by the 
surveyor, and the expedients to be adopted to work out 
the construction in practice, will come more immediately 
under consideration. 

Surveying with the Chain. 

For a district of moderate extent, in fair open country, 
surveys of detail for maps and areas may be sometimes 
advantageously made with the chain, without the aid of 
other instruments. Besides the instruments, implements, 
&C.J already described, the surveyor should be provided 
with an offset staff, for measuring perpendiculars and other 
short distances referred to the construction, geometrical, 
or reference line. The offset staff may be made of any 
light material, such as fir, poplar, &o. It should be ten 
links in length (ferrule-shod at the ends), and subdivided 
by suitable marks to single links. The form is not very 
material, bat a round staff is that most generally pre- 
ferred. 
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The district to be surveyed should be examined bj the 
surveyor as to form and physical features, before select- 
ing or determining the geometric figure for the pur- 
poses of the survey. In the determination of this figure, 
and its subdivisions into triangles, two leading con- 
siderations must be kept in view — ^the well-conditioned 
character of the geometric figure, and facilities for 
making accurate measurements of its lines. The whole 
of the district for survey should be included in the geo- 
metric figure, the external lines of which will form a 
polygon. In selecting the polygon, the surveyor should 
have regard to the number of sides, since the fewer the 
number of sides the less the chance of error. 

For the subdivision of the geometric figure or polygon, 
straight lines should be selected to intersect in one or 
more internal points, and terminate in the angular points 
of the polygon. In many cases it may be desirable and 
advisable to select a line from one angular point to an- 
other angular point of the polygon. The internal points 
in which the selected lines from the angular points inter- 
sect may be connected by straight lines, which will form 
an internal polygon or a triangle. If the internal figure 
be a triangle, the subdivision will be complete ; but if 
it be a polygon, the subdivision must be continued by 
lines from the internal angular points to other internal 
points, and the reduction of the number of sides of each 
successive internal polygon be continued, as above, until 
the subdivision be complete. In this subdivision the 
number of triangles should be as few and as nearly 
equilateral as may be, due regard being had to the 
facilities for tracing and measuring the sides of the tri- 
angles. 

An important object to be obtained by the triangula- 
tion is to accurately ascertain by measurements the 
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position of tlie angular points of the several triangles. 
Every point sufficientlj determined will be a conunon 
point of intersection of at least three lines. Points de- 
termined by the intersection of two lines only, are not 
determined by more than one set of independent mea- 
surements. These points are, therefore, called ' hanging 
points.' 

For the pnrpose of ascertaining the position of internal 
detail, the great triangles, which form the primary tri- 
angnlation, shonld be subdivided by lines referred to 
their sides or to one another, so as to preserve in the 
subdivision, or secondary triangnlation for detail, the 
features of well-conditioned triangles. The split UnCf 
which should be run in every independent detail triangle, 
is an important line in this subdivision. This line should 
have one end in an angular point of the triangle, and 
the other in the opposite side, which it should intersect 
as near as may be at right angles. The point in which a 
subdividing line intersects the side of a triangle or 
another subdividing line is called the reference point of 
the line terminating in it. Every such point should be 
common to two or more such lines if practicable. Hence 
from the reference point of the split line other subdivid- 
ing lines should be run to intersect the other sides of 
the triangle. This subdivision by triangnlation should 
be continued to the extent required for the purpose of 
the survey. For the secondary, as for the primary tri- 
angnlation, the surveyor should select the reference lines, 
so that the detail may be surveyed on them with the 
fewest measurements, the least practicable length of lines, 
and the greatest convenience for making the measure- 
ments. 

The lines of the primary triangnlation are sometimes 
called main construction lines, or main Hues, and those 
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of the secondary triangalatioix detail lines. The dktinc* 
tion is not very intelligible, since the main lines are nsed 
for the measnrement of detail, and some of the secondary 
or subdividing lines (detail lines) are ran for the purpose 
of preserving the features of well-conditioned triangles 
— a good construction. There is, however, no essential 
difference between the geometric lines of the survey ; 
they are alike selected not only for the purpose of pre- 
serving a good construction, but also for the survey of de- 
tail. On these lines are placed the reference points not 
only for other subdividing Hues, but also for the perpendi- 
culars and other lines to detail. AU the geometric lines 
of the survey may therefore be called refer evuie Imes, For 
convenience and perspicuity the reference lines may be 
divided into two classes, prima/ry and seeondcuryy to dis- 
tinguish the lines of the primary from those of the 
secondary triangulation. 

A correct survey cannot be made if^ from any cause, 
the reference points surveyed in the same line be not 
accurately in the straight line. Hence the necessity for 
ranging or tracing accurately all reference lines, and 
ma.1riTig the measurements, as already explained, in the 
line so ranged. A point is known to be in the line when 
frx>m it straight, slender, vertical objects, at two or more 
points in the line, appear to coincide, or when a straight 
and slender object placed vertically on the point is seen 
from a known point in the Hne to coincide with a straight, 
slender, vertical object on another known point in the 
line. Therefore lines which may be seen from end to 
end are eaaly traced at intermediate points. Such lines, 
if of moderate length in open country, may be traced 
by the eye with sufficient accuracy for most survey 
purposes. 
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Tracing or Banging Straight Lines. 

The tracmg operatioix for lines of moderate length 
may be conducted as follows : — 

When the whole of the line is visible firom one end, 
the snryeyor should send his assistant forward with a 
flag.pole or ranging-rod to a suitable point approximately 
in the line. At this point the assistant should hold the 
ranging-rod vertical and exposed to the surveyor, at the 
end point of the line, that the latter may observe if it 
covers or coincides with the flag-pole, or other object al- 
ready placed vertical on the distant end of the line. If 
this coincidence be not obtained on the first setting up of 
the rangiQg-rod, it must be moved laterally, according to 
signal, until the flag-pole and ranging-rod coincide, then 
the latter will be placed on a point accurately in the line. 
The point so determined shoxdd be 'picketed' and 
'piled' to mark it folly and render it conspicuous. 
Other points may be determined in the line in like 
manner; and, for greater convenience, the surveyor 
may continue the trace &om one of these intermediate 
points. Banging-rods are known to be vertical when 
the plummet-lines at the extremities of two rectangular 
diameters are parallel to the axis of the rod. 

* When the whole of the line is not visible from one end,' 
the surveyor should place himself at a point in the line 
produced from which may be had a view of the flag-poles 
at the ends of the line. The flag-pole nearest the sur- 
veyor may be in this case regarded as an intermediate 
point. Other intermediate points may be determined 
from the surveyor's point in such position, that from the 
points so determined the surveyor may complete the 
trace of the line> 
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K there be no convenient point in the line prodnced 
commanding a view of the whole line to be traced, inter- 
mediate points must be determined in a different manner. 
For the purpose of the determination of intermediate 
points in the line so circumstanced, it is essential that 
either end should be visible from at least two inter- 
mediate points. The intermediate points for the de- 
termination shoxdd be sufi&ciently far apart to enable 
the surveyor to fix these accurately in the line. The 
determination of the. intermediate points in the line wiU 
be easily understood by an inspection of the diagrams. 

Fig. 2. 




"^rfieal 



«' I' 



a "b 

MorizoTital 

The first diagram shows a trace of the line AB on s, 
vertical plane. The positions of the surveyor and his 
assistants are shown at a h. The second diagram shows 
a plan of the line A B. For the purpose of the deter- 
mination, the surveyor should take up a position at a', 
approximately in the line A B, so that B may be visible 
from a\ The surveyor shoxdd place a ranging-rod ver- 
ticaJly at a\ and the assistant shoxdd set up another 
vertically at &', in the line A d produced. The surveyor 
should observe if ^ be a point in the line of the ranging- 
rods at a'V produced. If j5 be not in the line o!V 
produced, the surveyor shoxdd take up a new position a 
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on the B side of a', and the assistant a new position h 
in the line A a produced. K JB be now observed to be 
a point in the line a b produced, both a and h will be 
intermediate points ia A B, From these points the 
line may be traced to its ends, as in the case first 
described. J£ it be found impracticable to trace the 
geometric lines of the survey by some one of the expe- 
dients described above, a modification of the figure be- 
comes necessaiy. From this it will be seen that the 
angular points of the triangulation should be so se- 
lected as to facilitate the tracing of the reference lines 
terminating in it. 

The detail trace of a reference line may be interrupted 
by buildings, trees, or other like obstructions at an inter- 
mediate point. In these cases the surveyor should trace 
the lines from the ends of the line to the opposite sides 
of the obstruction. If this be inconvenient he should set 
out equal perpendiculars, or parallel lines, at points in 
the reference line a considerable distance apart, so that 
a line traced through the remote ends of these equal lines 
may be parallel to the reference line, and clear of the 
obstractions. The parallel line may be traced past the 
obstmction, and from points in it, a considerable distance 
apart ; other equal perpendiculars to those first measured 
should be erected and measured on the line side, so that 
a line traced through their remote extremities may 
coincide with the trace of the reference line, by which 
the latter may be traced backwards to the obstructing 
object, and forward as if no such obstruction existed. 
If the perpendiculars, or parallel lines, be not correctly 
traced and accurately measured, the trace on the forward 
side of the obstruction will not be made with the required 
accuracy for a correct survey. 

The line may be traced differently as follows : — ^From 
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a point m (fig. 3) in the reference line w w', snffieiently 
remote from the obstmction to give the direction of 
the line with accuracy, lines should be traced on either 
side of the obstmction, such 9s mdp md'p\ and the 
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m' 



(2 a (2' measured, a being a point in the reference line 
near the obstruction. The distances md md', and 
also the lines djp' d' jp, should be measured, so that 
m d : djp', \\ md' I d' jp. The lines m jp rap' should be 
traced and measured to P and P', so that md I dP^ ; : 
md'ld'P, The line TF' should be measured and 
divided in the point a', so that 

d'axTF 



Pa'=: 



dd' 



The point a will be a point in the line. From a' 
any convenient distance a' cf may be measured in c^' P', 
so that y may be visible from c'. In the line a' P the 
point c should be determined by measurement, making 



a^e: 



a'</xad' 
ad 



The lines p' (^ pc should be traced to intersect in m', 
which will be also a point in the forward part of the 
line. The accuracy of the determinations may be verified 
by the measurement of c m' d m', which should be pro- 
portionab to md' m,d or c! m' xmd' =:cml y.m,d. The 
line may be traced backwards to the obstruction on the 
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line (J'nJy and forward from m' to the end of the line, 
lines BO long as not to be accurately traceable by the 
eye should not be selected or adopted in a smrej with 
the chain. On long lines the trace should be made with 
a theodolite, or other suitable instrument, to obtain or 
determine points in the line with the degree of accuracy 
required for the purposes of the survey. Tracing lines 
with the theodolite and other instruments will be de- 
scribed in a subsequent chapter. 

SUBVETING FOE DETAIL. 

The surveyor, on commencing the survey of a detail 
triangle, should measure its primary reference and split 
lines, and make the other necessary measurements for 
the detail on them. The measured distances should be 
entered on the field-book at the time of reading the 
measurements in the manner hereafter described. With 
a view to render unnecessary the defacing for correction 
of the original entries on the field-book, the measurements 
on the secondaiy reference lines, and the farther survey 
of detail, should not be taken up until the accuracy of the 
measurements of the primary reference Hnes and the split 
Hne be sufficiently verified. 

The verification of the lengths of the sides and split 
line of a triangle may be made, with sufficient accuracy, 
by properly plotting to a large scale the side on which 
the reference point of the split line may be ; and from 
the extremities and the reference point so plotted, the 
lengths of the other sides and split line should be 
elegantly and accurately scribed from their respective 
points in the plotted line as centres. The traces of the 
tracing or scribing point of the compasses for the three 
scribed distances will have a common point of intersec- 
tion if the measurements be accurately made and the 
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plotted lengths correctly laid down. In many localitieSy 
particnlarly in oatlying districts, this verification cannot 
be conveniently made. The verification may be other- 
wise made as follows : — 

In the annexed diagram (fig. 4) let the sides of the 
triangle ^ ^ be represented hy ahc, and let I represent 

the split line A d. The 
lines ah ol and the 
segments Bd dO are 
given by chain mea- 
surements. 

^ Now let m be the 

distance from to a 
perpendicnlar let fiJl from A upon BO^ and n the 
distance firom the perpendicular point in BO to d. 
Then 

^9 I 1.9 .9 

And 







2a 

This gives I in terms of the measured sides by means of 
the auxiliary distance m. This value of I should agree 
with its measured length if the length of the latter and 
the other lines be correctly obtained. K the computed 
and measured lengths of Z be not in close agreement^ the 
split line should be remeasui^d before seeking the error 
in the other lines. If the error be not in the split line, 
the reference point d maybe computed firom the formula — 

And hence m+n will give the measurement of the point 
d from (7. Should the reference point d be found, on 
remeasurement of Od, to be in error to this amount^ the 
verification will be snfiQciently made. I^ however, the 
error be not found at (2 or in 2, the other lines must be 
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remeaEmred, and the error removed before proceeding 
with the survey of detail. 

After the verification of the measurements of the 
primary reference lines of the triangle, the surveyor 
should proceed with the secondary reference lines for 
the survey of detail ; these should be selected to coincide 
as near as may be with the detail to be surveyed on 
them. When the coincidence is perfect, the measure- 
ments for the extreme points of the detail determines its. 
position and magnitude. If there be not perfect coin- 
cidence, the deviation from the reference line should be 
ascertained by the measurement of perpendiculars in 
the horizontal, having one end in the reference line and 
the other in the detail. The number and position of 
these perpendiculars will depend on the form and extent 
of the detail and the objects of the survey. In surveys 
for areas and accurate maps the perpendiculars should 
be so selected as to have the detail between each pair of 
consecutive perpendiculars a straight hne. 

The accurate determination, trace, and measurements 
of perpendiculars to reference lines in the horizontal is 
of much practical importance, and many expedients have 
been from time to time devised to facilitate the deter* 
mination of perpendiculars; but most of these have 
faUen into disuse by skilful and experienced surveyors. 
The optical square and crosshead are amongst the mo^t 
convenient instruments for the purpose ; but even these 
fail to meet the requirements under circumstances of 
frequent occurrence. The following practice finds most 
&vour with skilful surveyors, but it requires consider- 
able practical training to give the necessary deg^e of 
accuracy to the determinations : — 

The surveyor, standing over the chain adjusted in the 

c2 
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reference line, with his face towards the detail to be snr- 
veyed, should hold transversely over the chain a straight- 
edge, so that the eye shall be in the vertical plane with it, 
and the four angles which the straight-edge makes with 
the chain shall be apparently eqnal. Then will the pro- 
longation of the line of the straight-edge be the trace 
of a perpendicular to the chain in the horizontal from 
the point over which it was held. A straight arrow, or 
the offset staff, is generally used as the straight-edge for 
the purpose. K the chain be not in the horizontal at the 
reference point for the perpendicular, it may be brought 
to it by supporting a few links of it, at the lower side, 
with the toe of the boot, without otherwise disturbing 
it in the line, until the perpendicular be determined 
and traced. Perpendiculars carefully traced in this 
manner, when not more than a chain in length, and the 
ground in the direction of the reference line horizontal, 
will be found sufficiently accurate for most practical 
purposes. 

Perpendiculars for special purposes, and in some other 
cases, may exceed a chain in length. In the former, or 
special cases, the perpendicular is made a reference line, 
to which are referred other perpendiculars for the survey 
of detail not otherwise easily obtained. In those cases 
the direction of the perpendicular is required with great 
accuracy. The mode of erecting perpendiculars de- 
scribed above, except in skilful and experienced hands, 
generally fails to give the direction with sufficient ac- 
curacy. And in other cases, not of unfrequent occur*- 
rence, where the detail is much above or below the level 
of the reference point of the perpendicular, the method 
described above cannot be adopted with complete success. 
The same objection applies with greater force to the use 
of the optical square and crosshead, but more especiallj 
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the former. la such situatioiis the following method 
"will give satisfactory results : — 

Two known points in the reference line, about 30 links 
apart, should be selected, between which it is judged the 
perpendicular from the feature point in the detail will 
fall^ To one of these points corresponding link-rings 
near the ends of the chain should be attached with an 
arrow driven firmly into the ground, or otherwise ; to 
the other the middle of the chain should be attached in 
like manner. Then, by drawing out the chain on either 
side, to have corresponding link-rings in the vertices of 
the similar triangles so formed, so that the prolongation 
of the trace of the line joining these vertices will pass 
through the feature point in the detail, the line so traced 
will be the required perpendicular, and the intersection of 
the reference line will be its reference point. A perpen- 
dicular to the reference Hue from a given reference point 
may be accurately traced as above by taking the vertices 
of the similar triangles, so that a line joining them will 
pass through the given reference point. A perpendicular 
to a reference line, from a given point in the same, may 
be more conveniently erected as follows : — ^Equal dis- 
tances shoold be measured in the reference line from the 
given point, so that the given point may be the bisection 
of the whole measured distance. To the extreme points 
the rings of corresponding links near the ends of the 
chain should be attached, as above directed, and the 
chain drawn out by the 50-mark, or middle point. A 
line traced through the vertex of the isosceles triangle 
so formed and the given reference point will be the re- 
quired perpendicular. A perpendicular may be also 
raised from a given point iu a straight line by the con- 
struction of a right-angled triangle, one leg of which, 
terminating in the given pointy shall be iu the reference 
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line, and the other leg in the perpendicnlar. The sides 
of the triangle must be mnltiples of 3, 4, and 5. 

These modes for determining and erecting perpen- 
dicnlars are sufficiently accurate for most practical pnr> 
poses, if the points in the reference line, to which the 
corresponding links near the ends of the chain are at- 
tached, be on the same level. 

It may be seen that a perpendicnlar traced as above 
described is in a plane, to which the trace of the re- 
ference line between the selected points shall be a normal. 
Hence, when the latter is horizontal, the plane of the 
perpendicular will be vertical, and its trace on the sur- 
face will be that of the true perpendicular for the pur- 
pose of the survey. To the general principle just stated 
there is one exception : — If the trace of the reference 
line between the selected points be not horizontal ; and 
if the trace on the sur&ce of the plane of the perpen- 
dicular be horizontal, this trace will be that of the true 
perpendicular. On sidelong ground perpendiculars in 
the horizontal cannot be determined or erected with the 
required degree of accuracy by any of the methods with 
the chain described above. Under these circumstances, 
and generally: — 

If the re£drenoe line be more than 100 links from the 
detail, for any considerable distance, an offset triangle 
should be laid down, on the sides of which the detail 
may be surveyed on perpendiculars of moderate length. 
These perpendiculars may be determined and traced in 
the manner first described. Except in those cases where 
the reference line is of considerable length, it will be 
advisable to select a second reference line, instead of the 
offset triangle, unless the form of the detail to be sur- 
veyed specially favours the triangle. 

In general survey operations it is desirable that the 
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chain be not disturbed from its position in the re> 
ference line, and hence all perpendicnlars and other 
short distances should be measured with the offset staff 
or tape line. When the detail is surrounded by thorny 
shrubs, or otherwise difficult of access, as in the case of 
trenches filled with water, &c,, the use of the offset staff 
will be attended with advantage, as it enables the sur- 
veyor to complete the measurements to the detail with 
accuracy and expedition, and without inconvenience, in- 
jury, or danger. This may be done by forcing the end of 
the staff through the thorny shrubs to the detail, or 
by placing it on the middle or farther edge of drains, 
&c. The difficulties and inconveniences attending the 
measurement of perpendiculars with the chain or tape 
line in those cases induce the very objectionable practice 
of guessing part of the distance. The surveyor should 
not place (m his field-book any measurement not properly 
and accurately made. 

The field-book may be in si2se about ten by eight inches 
when closed. It should be made of good plain paper, 
interleaved with blotting-paper. The entries should be 
made in ink, and erasures should be strictly avoided. 
In the correction of a measurement, any error in booking 
should be struck out with the pen in a manner not to 
render it illegible. The correct entry should be made 

25 
above the one struck out — ^thus : S7J^. The entries for 
intermediate measurements on reference lines or perpen- 
diculars should be made across the direction of the line 
to their respective points. The length of the whole line 
or perpendicular should be entered along the line of 
direction. The measurements of the primary and long 
secondary reference lines should be entered on the field- 
book in the manner generally adopted for independent 
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lines. The entry of the measurements should be com- 
menced at the bottom of the line or column, to which 
column the pickets should be entered. as marked on 
the ground, to the right, left, forward, or backward, as 
the case may be. An inspection of the annexed copy of 
field-book for primary reference lines (fig. 5) will suffice 
in this place. 

The field-book should indicate the order an^ manner 
in which the measurements are made, and be, in fact, a 
complete sketch-plan, with measurements, of the district 
surveyed. Each page of the field-book should represent 
a section or part of the district, and show the original 
entries on it between two faint parallel lines, as 
shown in the illustrations (fig^. 5, 6, and 7). The 
entries copied from another page for the purpose of 
making connections and other reference should be shown 
on a single faint line. The lengths of the reference lines, 
and the pages on which the original entries are made, 
should be written, for the purpose of reference, on the 
copied line. 

The entries for the measurements on a reference line, 
whether for reference or detail, should be placed on the 
field-book, as already stated, between the faint parallel 
lines. The entries for the lengths of perpendiculars 
&om the reference line to the detail should be entered to 
their respectiye reference points, right or lefb, as the 
•case may be. The space between the faint parallel lines 
must be regarded as of no absolute width. The mea- 
surements for the detail, except where distinctly shown 
otherwise, should be made on perpendiculars to the 
reference line. The unbroken deep lines on the field- 
book illustrations referred to shows the defined detail. 
The undefined detail should be shown by dotted lines. 
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' Besides the sketches and measorements entered on 
th^ field-book, the date of the snrvej and names of 
the snrye^ party should be placed on each page, 
and also the date when any subsequent correction may 
have been made, and the name of the party by whom it 
was made. 

Each field-book should contain sketch diagrams of all 
the reference lines of the survey entered on it. The 
diagram of lines should show the measurements of the 
lengths of the reference lines and their reference points. 
The illustration (fig. 8) is a sketch diagram of reference 
lines, with only that part corresponding to the illustra- 
tions fig. 6 or fig. 7 complete. 

In surveys for a map only, the position of the extreme 
points of straight detail is aU that is required to lay 
down on paper a correct representation of it. The 
position of these points may be determined by inde- 
pendent measurements on, or referred to, the same or 
different reference lines. From this it may be seen that 
a subdivision of the primary triangle by other triangles 
and quadrilaterals is admissible for the purpose. An in- 
spection of the illustration annexed (fig. 6) will enable 
the reader to understand the manner in which the selec- 
tion of quadrilaterals in connection with triangles may 
be adopted for the purpose of the survey. This is tech- 
nically termed ' blocking.' 

When it is required to find the area of the several parcels 

of a district by computation from the survey notes or 

field-book, a more perfect survey must be miade, in which 

'blocking' is inadmissible. In surveys for this purpose the 

measurements should be made with great accuracy, and 

so selected as to give sufficient data for the purpose. The 

geometric lines should give the data in detail for com* 

c3 
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pntrng iihe areas of the figures bonnded by tibese lines. As 
these figpires inll seldom, if eyer, coincide with the detail, 
it becomes necessaty to find the areas bonnded by the 
detail and the geometric lines. This mnst be fonnd 
firom the lengths of the perpendionlars smreying the 
detail and their reference points in the reference or 
geometric line. The separate qnadrUateral elements of 
the area between the reference line and the detail will 
be bonnded by the parallel perpendicnlars on opposite 
sides, and the detail and reference line on the remaining 
sides. As it will rarely happen that the reference points 
of, or in, a reference line wiU be in the detail surveyed on 
it, there arises a necessity to connect the detail measnre- 
ments at the last or first point sorreyed on adjacent 
reference lines, as the case may be. An inspection of 
the annexed (condensed) page of field-book (fig. 7) will 
show the connection of the detail measurements at the 
ultimate point in the detail, and the manner of booking 
surveys for this purpose. 

It may be seen that the lengdis of the reference lines 
are placed in brackets, and that the entries for reference 
points are placed between parallel lines. These impor- 
tant measurements are so placed to distinguish them, not 
only for the purposes of computation, but also for &cili- 
tating the reference in the field and office. 

The eicample field-books for a map and for areas, and 
the skeleton diagram of lines, are given here in connection 
with the foregoing, not because of the difi&culties attend- 
ing the making of the survey, which principally occurred 
in the parts not illustrated, but because the author has 
already acceded to the request of the professors of Civil 
Engineering in the Queen's Colleges in Ireland to allow a 
oopy of the field-book of the survey to be lithographed 
for the use of the engineering students of these colleges. 
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OBSTSI#nONS TO THE MaEINQ OF DiBBCT MsiBUBSMBNTS. 

— ^Inaccessible Distances. 

In the preceding pages on the measurement of lines 
and distances, it was tacitly assumed that the lines to 
be measured were accessible thronghout. In practice 
this is very frequently not the case, particularly on long 
reference lines for the survey of districts of considerable 
extent. Thickets, buildings, riyers, lakes, or other di- 
rectly impassable obstructions, will sometimes be on a 
reference line, and so interfere with the direct continuous 
measurement of the line. The surveyor should be pre- 
pared to find the length in the line occupied by such 
obstructions with sufficient accuracy, that the whole 
length of the reference Hne may be correctly obtained by 
the survey. It would be impossible, even if it were 
desirable, to anticipate the many circumstances which 
occur in connection with inaccessible distances; it is 
therefore proposed to consider the best modes for finding 
these distances with considerable accuracy, and which 
are of such character as to be applicable in practice 
under various combinations of circumstances. 

The surface configuration of the ground, the form and 
character of the sur£ace obstructions in each case, must 
be considered by the surveyor in the field, who will have 
to select the mode which shall be best suited to the cir- 
cumstances. It must not, however, be lost sight of that 
constructions for the purpose of finding inaccessible 
distances are well or iU conditioned according as slight 
errors in the laying down of the construction, or mea- 
sured diagram, may effect the results to an insignificant 
or great amount. Constructions or diagrams which are 
smaJl in their measured parts as compared with the in- 
accessible distance are efisentially of the class iU con- 
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conditioned ; and constmctions or diagrams whicH have 
the points determining the direction or position of a line, 
themselves determined by the intersection of other lines, 
meeting at a small acnte angle, are necessarily ill ccyadi- 
tioned. So also are those constructions ill conditioned in 
which the proportional lines for computation make small 
acute angles with one another.* From this it may be 
seen that well coQiditioned constructions should have the 
determining lines equal, or nearly equal, to the inacces- 
sible distance, and the angles made by the intersecting 
and determining lines not very acute, but as nearly 
equal to right angles as may be. In every case it is 
desirable that the angle should not be less than 30° to 
40°. When practicable, inaccessible distances should be 
found by the measurement of an equal or proportional 
accessible distance, in preference to finding the distance 
by computation from a measured diagram. In either 
case the measured or computed distance shoidd be veri- 
fied before the distance can be considered as properly 
found. 

* These remarks may be illustrated by reference to a method pro- 
posed by Mr. Baker, in his treatise (published by Mr. Weale), 
page 35. The principle is correct, but the application of it is very 
faulty. In the figure (9) the triangles, doo, caB, are similar. 

Fig. 9. 



The distance a^ is found by the proportion do : oo :: ed : aB, It 
would be preferable to find 6^ by the proportion no : oo :: oh : hB. 
Mr. Baker makes oo ^oa = eh = bO links ; so that in practice o c 
must be yery sniall as compared with a B, and the determining 
angles at^andef yeiy acute. These two yezy objectionable features 
are combined in this construction as applied by Mr. Baker. 
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There are many modes put forward for finding in- 
accessible distances wliich shall be omitted, as of little 
or no service to the sui'vejor in the field. In the 
following modes for finding inaccessible distances hj 
measurement or computation, all the measurements 
should be made to the horizontal, except where stated 
otherwise. 

In the measurement of a reference line, the point for 
Tnaking the chain length will not unj&equently be in- 
accessible, as when that point comes to be in dense 
thorny shrubs, the middle of a deep drain, &c. In such 
cases the leader should take up the chain at the last 
convenient accessible point in the line before coming to 
the obstruction, and mark it with an arrow. The fol- 
lower should take the measurement of this point. Then 
the leader should pass his end of the chain to the forward 
side of the obstruction; which should be less than a 
chain length on the line.* After laying down a forward 
chain length from the last measured point, the leader 
should draw forward the chain in the line, and lay down 
from the arrow marking the chain length the comple- 
ment of the broken chain length. The arrow marking 
the chain length should be removed to the forward end 
of the complement laid down. This arrow will then 
mark correctly a chain length in the measurement of the 
line. [If the measured distance to the point on the 

* Fussing one end of the chain over fences, thickets, rivers, &c, 
less than one chain across, may be conveniently done by making it 
up from one end ; and when so made np, throwing it in the proper 
direction, holding at the same time one of the handles in the left 
hand. The chain may be passed through thorn hedgerows, &e., 
by slipping the handle of the chain on to the handle of the spade 
and pushing the latter through at the proper place, so that it maybe 
drawn out at the other side of the hedgerow, &c. 
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broken dtain length at tlie obstracfion be 2580, the 
measaremente in the line wonld atAnd tLnB : — 

2580+100+20=2700, 

the meaBurement of the point marked with the arrow 
at the forward end of the complement laid down.] 



Inaccessible Distances. — ^Wice Bivebs. 

When ilie me&Barement of a reference line is ob- 
Btnicted hy obstacles snch as wide rivera, the inacceBsible 
port may be found so that the entries on the field-book 
for nse in the office department of the Boxveij shall be 
GODtmnons. 

The following method will be found to apply over a 
wide range of circumstanceB : — 

Let AB (fig. 10) be the reference line, and mn the 

Hg. 10. inaccessible distance. The muT'eyor pro- 

ceeding &om A in the direction of B 

should complete tiie measnrementB to vt, 

the &rtheat accessible point on the A side 

of the river. At two points, a b, snfG- 

ciently &r apart for tracing a line accn- 

' ratelf, perpendicnlars shoold be erected, 

and traced both ways. Prom a and h 

: equal perpendicnlars, not less than the half 

of mn, should be measnred. Throngh the 

exti«mitiea of the perpendiculars, eqni- 

distant parallel lines, 1 1', pp', shoold be 

tiraced. At s and s' the points of inter* 

section of the parallel lines 1 1', pp', and the 

line «m«', ranging rods should be set up vertically, and the 

eqnal lines tm, irta' measured for the venfication of the 
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ConBtrndion on the A side of Qa mer. A ranging 
rod should be set np Tertically at n in the reference 
line, and at c other perpendiculars, equal to those laid 
down at a b, should be laid down to verify the trsfie of 
the parallel lines II', pp', on the B side of the rirer. 
The lines a' n, «n Bhonldbetrsoed to intersect the parallel 
lines at f and t. The line if should be measured and 
found equal to »ff, and the part tm,' should be equal to 
m' C if the lines and distances be accurately traced and 
measured. Then mil m'» be equal to m». Thesnrveyor 
should hold to m' the linlc on tlie chain which meaanred 
iite point m, and contiDUe the measarementa from m' to 
n, without neasuring for detail between these points. 
The measurement for the point n so made wiU be the 
same aa if the meBsnrementa could have been continued 
from m to n. 

Inaccessible distances of considerable extent to&y be 
found bj the measurement of equal distances determined 
as follows :— 

Let mn (fig. 11) be the inaccessible distance in the re- 
ference line A B. From a, a point in A B, a straight line, 
ahf, shonld be measured, and from — ^^ 

tn another point in the same line, 
m bp, should be moasored, making 
hp = '^^^J>f_ Then will the line 
fp be paniUel toAB. Now from 
e, a point in the line n/ produced, 
the line etmj should be measured, 
and from/the line/jt> shonld be 

measured, maldng fr — "* ■'. 

Then will me be parallel to nc. The lines fp and mv 
should be produced to meet in F. In llie parallelogram 
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mnfV wi constmcted, tbe accessible distance /Via 
equal to the inaccessible distance mn, and m F= nf. 

li Onhe a reference line, the point n and the inac- 
cessible distances, m n, fn ; in the reference lines A n, 
On, may be determined by the eqnal and accessible lines 
of the constmction. The line fm should be measured 
and bisected. Then will the point of bisection be found 
to be in the line Vn if the construction be correctly laid 
down. This test will verify the correct determination of 
the inaccessible distance if the accessible lines be accu- 
rately measured. . 

By another construction, requiring fewer measurements 

than fig. 11, but affording no means of yerification, an 

accessible distance equal to the inaccessible may be 

determined as follows : — 

At a convenient distance from the reference line^ 

A B (fig. 12), a line n' should be 
traced, parallel to ^B, by one of 
the foregoing methods. From t^ 
a point in IV ^ equal distances tv^ 
ft/, should be measured, and at the 
points v' V ranging rods should be set 
up vertically. The line n v should be 
produced to any convenient point i\ 
Then, by producing the lines Hv^^lft^ 
to intersect AB in n' and a, the ac- 
cessible distance an* will be equal to 
a n, which includes the inaccessible 
distance mn. The angle at n should 
not be less than 80®. If <i/ be made 
a sub-multiple or any definite part of 
iv^ an' will be a like sub-multiple, or 
proportional part, of an. 
By (arithmetical) computation of a side in similar tri- 



Fig. 12. 
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angles we are enabled to find inaccessible distances in 
the field without serious loss of time or interruption to 
the progress of the survey. In the illustration (fig. 5) or 
field-book, showing the survey on a primary reference 
line, is given an example of the practical application of 
the following method for finding inaccessible distances : 

Fig. 18. 

... jl 




Let A B (fig. 18) be the reference line, m n tbe inacces- 
sible distance. At a and 5, in il ^, on level or equally in« 
clined ground, perpendiculars should be erected and traced 
to a^b'f points in the line (7n, and a'c laid down equal 
to a a' — hJ/, Then will c &' be equal to a &, and from 

the similar triangles c a' &', h V n, we find h nas - ^oo 

C Cb 

a'V y.h V 
and nV ^ -, — • These computed distances in- 

C Cb 

dude the inaccessible parts of the lines AB, (7n. The 
distances computed from these formula are not checked 
by anything in the construction. 

In some cases the following method will be found 
preferable to that just given above. 

At m a &, points in the reference line AB (fig. 14), 
parallel lines or perpendiculars io AB should be ranged 
by one of the methods already described. For the more 
accurate determination of the position of the parallel 
lines, it is desirable that the points be so selected that 
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Fig. 14. 



the gronnd Bhall be level, or eqnall j inclined, in the direc* 
tion of the reference line. Under these conditions the 

parallel lines may, perhaps, be 
more convenientlj laid down as 
follow : — The eqnal distances- 
mv„ avj, 5t;3 (s= 30) shonld be 
laid down in J. JB on the same 
side of m a &. To the points 
mviy a v^ &C., corresponding 
points near the end of the chain 
should be attached with arrows, 
as already described, and the 
vertices o o, &c., determined by 
drawing out the chain by the 
same link-ring. The line m o 
should be traced to W, and 
ranging rods set up vertically at n and m'. The lines 
ao^ & 0, Vi 0, VgO, V5O, should be traced to intersect the line 
n m' in the points a* V^ 1, 2, and s. By laying down «3 e 
in 1^3 1 equal to t;| 1, the line c 1 will be equal and parallel 
to Vi V3. In like manner the linej? h should be laid down 
equal to m m', then|7 Tn'ss c 1 =m h. This will be a suffi- 
cient check on the correct laying down of the construc- 
tion or diagram. Now we have from similar triangles 




vnn =s 






or mn^ 



a m X vnm 
pa 



In many cases it will be preferable to take the alternative 

,. rm. r, 1 X c I J », X (Z 1 
diasram. Then Vtn = -i and », n = -i— ; . 

These results verify the determination of tbe distances 
by computation. Another check on the accuracy of the 
results may be applied by omitting the parallel lines a afj 
v^ S, and taking both constructions thus : 



/ hm X mm\ r 1 x cl 



pV 



cs 
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In applying this oonstmction the angle mnm' should 
not be very acnte. If the inaccessible distance be con- 
siderable, or the grounds at m a 6 irregnlar, it will be 
decidedly preferable to lay down the constraction, or 
diagram, as follows : — A line c 1 should be traced parallel 
to A Bj by one of the methods already described, so that 
the distance between the parallel lines may not be less 
than half mn. From 1, a point in the parallel line, the 
distances l c', l c should be laid down eqnal to ma, mb 
respectively. Again, the line n l should be traced to any 
convenient point m', and the line m/p traced parallel to 1 c. 
The distances m/p\ mfp should be laid down from the 
point m', in the line m^pj equal to ma, mh respectively. 
From the points m ah any convenient equal distances 
mvi, av9^ hvjt should be laid down in J. JB on the 



u 
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same side of these points. Now the lines v^ C3, t;2 (/j, 
17 1 1, will be parallel, as wiU also be the lines traced 
through mm', ap', hp. The parallel lines so determined 
should be traced to intersect the trace of the line n l, 
produced in the points shown on the diagram. The dis- 
tances in these parallel lines between the lines parallel 
to AB and the line h' n should be measured. Then the 
computation will be as in the formula. 
Inaccessible Distances, with the aid of the theodolite. 
If the angle at n (fig. 15) be laid off so that m n shall 
be a multiple of mm'. Fig. 15. 

the angle at m being a 
right angle, the inac- 
cessible distance may be 
found by an easy com- 
putation, if mW be ac- 
curately measured. Let the angle at n be represented 
by 0, and the perpendicular mm' by h, then the 
distance mn^sh cot ^ — a general formula — and 
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cot (= — ) = 1>> t^e multiplier of the perpendicular. 

If phe taken a whole number, l, 2, 8, &c., the angle p 
may be computed fix)m the formula for these values of jo. 
If the angle ^ be laid off for jp = s then h x s = mn. 
This is a very conyenient mode of computing the dis* 
tance : the angle f and the right angle at m should be 
laid off with a theodolite, by which the lines should be 
also traced to determine the point m/. 

There is another class of inaccessible distances, the 
extreme points of which are accessible from a third 
point ; these frequently occur on reference Knes for the 
survey of water margins, rivers, thickets, &c. The 
following explanations and directions will suffice for 
most cases of this class which are Hkely to occur in open 
country. 

Let A B (fig. 16) be a reference line on which ah^cd 
are inaccessible distances, the extreme points of which 
are accessible from the points mm/ respectively. 

Fig. 16. 




Through the accessible points m m* straight lines from 
a &, c cZ should be traced and measured to the points a' h 
d d'j so that am : hmy, a' ml h' m and cm' : dm' :: 
c' m' : d' m'. Also am \ m a' l\ ah l a' V , From this it 
may be seen that whatever multiple am is of ma' a' h 
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will be tlie same multiple of d 5'. The line a' V should be 
meajmred, and the corresponding distance a h computed 

from the formula a&s= — . In general practice 

m(i' is made equal to ma, so that a'V^s^ah, K this 
be found inconvenient^ m' d may be made s= -^, so that 

The inaccessible distances in buildings and other 
obstructions raised above the ground may be found by 
this method. 

When the obstruction is a single rectangular building 
the inaccessible distance may be more conveniently found 
as follows : — 

Let AB (fig. 17) be the reference line and mn the 
inaccessible distance. The surveyor, proceeding with the 
measurements from ^ to P, should take p|g^ 17^ 
up the measure of m. He should measure 
m h and lay down from n the equal dis- 
tance nc^ so that he shall be equal and 
parallel to mn. The point on the chain 
measuring m should be held to h and the 
measurements continued to c. The ascer- 
tained measurement for c will be the 
measurement for n. The inaccessible reference point t 
and perpendicular t h may be found by making m 6' =» 
m h and raising a perpendicular from the point If to pass 
"through V, Then fVzsth and m ^ = m <. 

If the obstruction be of an irregular character and the 
trace of the reference line be made as shown in diagram 
(fig. 3), the inaccessible distance a a' may be computed 
from l^e measurements for tracing the line. In this case 

\_m aXPdf \^ maxFd 
md* J -md 




aaf(^ 



4S OS* LASS SXnLTSTISIK 

Ll ihe ewe of nfocnce lines £br iibe sarvej of dateOy 
pKrta of wkicK majbe inaeceaatfole^ adjaerait to neeeaeMe 
gTQOiidi^ BoeiL WB not nziJ&QcjaaDdily Qccms on buesliHrtlie 
auffvj of nveny wstar BUEg^may tiuckfitBy ^di^ a psrttDel 
fine dbcRiId be traced cm. tibd maeaaabls gromid oa wkidi 
tbe amnvj' of tbe detail buj be made. Tbe puaJM dis- 
tmee fine s^nld be clearly abown mnd foJIyr efeg q i ced to 
tbe R&TCBce fine^ Tbis maj be done bj ecectm^ m pep> 
pauficniazv firan. ft given, pointy to tbe le&zence fine and 
traong it to xntezaeet tbe puaUel line m tbe com^nodU 
ing poinL I^roBA tbe latter point tibe measazvments 
aiMNiId be coBtmaed in tbe panllel re&feDce fine for 
tbe nzrej of detail until tbe inaccessible pert of tbe 
refiaence fine be passed. A measoied point in tbe 
pf^T ^TM r^brence fine sbonld be selected as tbe r^axemce 
point of a petpendimlary wbicb sbonld be traced to 
intersect tbe re^BTence fine in m cone^poinding reference 
point. Tbe entry of tbe measuzement for tbe n^eren«v*e 
point in one fine shoiild be also entoed to tbe conre- 
sponding lefei enc e point in tbe otber fine, firom wbicb 
tbe measareniaitB sboeJd be oAtbmed in tbe latter, 
as described abore. 

In otber cases^ sacb as for wide riTer% tbe centre of 
wbich may be part of the limits of m district, and for 
other pnrpoeesi the surey of the distant inaccessible 
side may be r eq uir ed. And also when the water line 
of a marshy lake, or like inaccessible detail, is to be 
snireyed, the serrice may be carried oat as follows :^ 

he^AB (fig. 18) be the reference line for tbe measure- 
ment of the inaooessihledBtaiL And kt a, 6, a^ a^ dsc. 
be tbe feature points. It is leqpured to find tbe position 
of these pomts^ so that they may be ooRectl^ laid down 
on tbe map. 

The groimd along ilB is assumed to be open, and free 
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frcoB BQT&ce encnmbrance. From a, a perpendicnl&r 
am, should be let &U on A B, or, in other words, the 
Tefereaoe point (m) of the perpendicular &om a Bhonld be 
detennmed ia AB, ba alreadj explained, tuid tihe per- 
peudicnlar tmced on the other aide oiAB. The reference 
Fig. 18. 



pcnnts m|, m^ Ac., inAB for perpendicnlarB to the other 
inacceBsible feature points Of, a^, Sg, &c., should be deter- 
mined in like manner, and the perpendicalors traced as 
may be reqnired. Now b^ tracing the line agmj to 
intersect a|m.|, prodnced in ng, we have m|n) ; afm^y, 
fft] mg r mj ffi). And hence 

— i— a i—i = Ojmj, 

the perpendicnlar for a,. Putting Pp £« for iiie dis- 
tenoes we have the general fbrmola 

If mj m, be l^sectod in o, and the line a^ o be traced to 
intenect Otm^ produced in n'3, then, from similar and 
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equal triangles, min'g(iaa,ms) the iaacceesible diatauco. 
An iuapeotoon of the diagram will suffice to show the 
manner of woricii^ out the determination of the lengths 
of the eereral perpendicnlars. The selection of the par- 
ticnlar lines for measnrement in these determinafions 
moat be left to the anrroyor in the field. In this selec- 
tion dne regard mnst, however, be had to the conditions, 
already stated, for well conditioned diagrams. 

In certain localities or parts of a district it may be 
not un&eqnently advisable to select secondary reference 
lines, having one or both reference points in the inac- 
cessible purts of other reference lines. In those coses it 
is necessary to find the measorement for the reference 
point BJid the inaccessible distances terminating in it. 
These meaenrements may be conveniently found as 
follows ; — 

hetAS ab (fig. 19) be the reference lines and a the 
inaccessible reference point mAB. The lines H' mn' 
p. , . ahotild be traced parallel to ^ B 

a b respectively. These parallel 
lines should be traced to inter- 
sect AB ab in the points m. n 
respectively, and one another in 
the point n'. It will be seen 
that am n'n is a parallelogram. 
■ To find the measurement for 
the point ainab, the point on 
the chain giving the measure- 
ment for the point n riionld be 
applied to n' and the survey 
continued to m, the measore- 
ment for which will be that for a — (an=mn'). In 
like manner if the point on the chain for the measure- 
ment of m be applied to n' the measurements may be 
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continued to n. Aa ma^=n'n, the measnrement for n 
80 made will be the measurement for a in J? ^i. 

For the verification of the construction and measure- 
ments, let a line c n' o' be traced, and let the lines c n' d^ 
d n, and c m be measured. Then, from similar triangles, 

dcKnin! ;i cdxmn' , 

— -— — =sca and ^ — — nc'=aw. 

d w c n' 



The Reference of Reference Points. 

The measurement of the reference point of a reference 
line, if the point be not surveyed previous to the measure- 
ment of the reference line terminating in it, should be 
found by measurements. from it to well defined and pre- 
viously surveyed pickets, or points, on either side, in the 
line in which it is an intermediate point, so that the 
measurement of the reference point may^be found from 
the measurements of two independent points. If the 
difference between the greater measurement and the 
reference point distance to its picket, or point, be 
equal to the sum of the other reference point distance 
and the lesser measurement, the measurement of the 
reference point will be correctly found. It should be 
also found that the difference between the measurements 
for the pickets on either side of the reference point is 
equal to the sum of the reference point distances. A few 
figures will make this clear. Let the reference point 
distances back and forward be 140 and 204 respectively, 
and let the measurement for the backward picket be 
6,937, and for the forward picket 6,281. Then 6,281- 
204 3= 6,077, the measurement of the reference point as 
found from the forward picket, and 5,937 + 140 = 6,077, 
the same measurement determined from the backward 
picket. Also 6,281 - 5,937 = 140 -h 204. This verifies 
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the accuracy of the arithmetical reduction and the 
measurement of the reference point. 

For the purpose of readily distinguishing the reference 
points of the principal secondaiy reference lines, double 
picket marks should be made on the ground, and shown 
on the field-book to these points. 

The boundaries of important primary or secondary dis- 
tricts, such as counties, baronies, parishes, &c., should be 
shown in character on the field-book, together with an 
initial description of the boundary detail. In this descrip- 
tion the following contractions may be used : — w for wall, 
/ fence, s stream, h hedgerow, r river, d drain, N, S, E, 
W, north, south, east, west ; also T top, Fface, C centre, 
B bank. Combining these, a boundary may be described 
for some particular case, thus : — ^W B r, for west bank of 
river, and N F w, north face of wall. 
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CHAPTER HL 

SUEVBTING WITH THE CHAIN AND AN ANGULAR INSTRUMENT 

— GEOMETRICAL FIGURE. 

The explanatioiis and directLons giyen in Chap. 11. 
on snryeying with the chain, applj also to the part 
of the survey operations with the chain which come 
under consideration in this chapter. 

When the district for exuryey exceeds in extent the 
limits manageable in a good chain survej, and when it 
is desirable to obtain a check hy computation on the 
measurements of the primary Hnes, it is necessary to 
coBxbine with the cL. iLt^nis for ..Zing 
angles, famished with suitable optical contrivances for 
this important purpose. Instrument, such as theodolites, 
fnmished with telescopes of high power and great range, 
and which are besides suitable for measuring angles with 
a high degree of accuracy, enable the surveyor to expand 
the primary triangulation to an extent depending on the 
size of the theodolite and the surface configuration of 
the district. Some angular instruments, such as pris- 
matic compasses, box sextants, &c.| are not Aimished 
with telescopes, or otherwise adapted to measure hori- 
zontal angles with sufficient accuracy to meet the 
requirements for the snrvey of extensive districts with 
the least practicable error and number of sides in the 
geometrical figure for the purpose. From this it may be 

seen that surveys made with the aid of these instruments 

d2 
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tare inferiory in poiiit of aocnracj, to siUTeys made with 
the chain onlj, when the district admits of a suitable 
tarigonometiical constnictian £or the pnrpose, and that 
they are nnsnitable for the aocorate soryey of an exten- 
sive district. For reconnoitring pnrpoflea, howerer, and 
where a high degree of acouracj is not indispensable, 
the nse of either or both of these instruments greatly 
expedites the sarvey operations. 

The whole of the district to be sorreyed should be, 
if practicable, embraced in the external polygon of the 
grand or primary lines of the survey, as already stated. 

If the sides and angles of the polygon be measured 
with the chain and an angular instrument, a plot of the 
lines and a plan of the details surveyed on them may be 
laid down on paper to a diminished scale, and the en- 
closed area may be found by computation. The survey 
so made is denominated a ' traverse.* It may be seen 
that in this survey there is no certain means of detect- 
ing, localising, or correcting errors fiJlen into in the 
(field) survey operations. Hence this mode of making 
surveys is not recommended for the accurate survey of 
an extensive district. 

The verification of the measurement of every line and 
angle should be made by computation from data obtained 
through other lines and angles. This verification is 
practicable if in the polygon another polygon be in- 
scribed, having a lesser number of sides, and its angular 
points in alternate angular points of the outer poly- 
gon, so that a side of the inscribed polygon may be the 
side of a triangle, whose other sides shall be lines of the 
outer polygon. If, in the internal polygon so formed, a 
polygon be inscribed in like manner, thus diminishing 
the number of sides of the internal polygon, and if the 
diminution of the sides of the inscribed polygon be so 
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• 
oontiiiued, the ultimate inscribed figure will be a tri* 

angle, and all the other resulting figures will be triangles. 
The sides and angles of the triangles will be adjacent, 
and their measurement subject to correction bj com- 
putation. It is obyious from the manner of proceeding 
that the triangulation so formed would be determined 
by the form of the external polygon, iudependently of 
the surface configuration of the district. Such a tri- 
angulation would, for districts of considerable extent 
and irregularity of surface, be found to present insuper- 
able obstacles to the easy and accurate measurement of 
the angles and lines, besides the liability to ill-conditioned 
triangles, particularly in the outer parts. To meet the 
actual circumstances, in each case, in the best practicable 
manner, the triangulation should be selected, not only 
with respect to the form of the district, but also with 
respect to the surface configuration, in order that the 
angles may be conveniently measured, and the reference 
lines traced with accuracy where required. Subject to 
these conditions, the grand primary triangles should be 
as few and as nearly equiangular as may be. The poiuts 
of the district which may not be embraced in the grand 
primary triangulation may be taken up on secondary 
offset triangles, thrown out from the grand primary tri- 
angles. 

The angular, or trigonometrical (trig.), points should 
be finely marked on permanent objects, and oyer the 
trig, points suitable objects for distant observation 
should be erected. Elevated cones and pyramids are 
suitable forms for the objects on the trig, points of the 
grand and primary triangulation of an extensive district. 
The trig, points may be rendered even more conspicuous 
at great distances by the use of reflectors, that the sun's, 
or other powerful light, may be thrown into the telescope 
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of a distant obsenrer. The trig, points of the secondary 
triangolation may be sufficiently identified by ereotiag 
stout and long poles, near the top of which cross-boards, 
or other contrivances of light material, should be fixed, 
to render the trig, point object conspicuous in the 
locality. 

The ' grand primary triangolation ' should be divided 
into a lesser or secondary triangulation, which shall have 
the trig, points of the former trig, points in the latter. 
This lesser triangulation, if not sufficiently reduced in 
size for chain measurements, may be called the ' primary 
triangulation,' which should be treated in the same 
manner as described above for the grand primary tri. 
angulation. The series of triangles of the third class 
may be denominated the 'secondary triangulation.* 
If, from the extent of the district and the diffi- 
culties to making accurate measurements with the 
chain for long lines, the secondary triangles be not 
the last of the series of subdivisions, the district may 
be poled for the ' detail triangulation.' In these series 
of triangulations it is not necessary that the lines 
of a greater should coincide with those of a lesser 
triangulation. 

In all the triangulations, from the ' grand primary ' 
down to the 'detail,' due regard should be had to 
essential requirements of well-conditioned triangles and 
the surface configuration. The selection of the trig, 
points, particularly in the triangulation, in which these 
points are numerous, is a very important part of the 
preliminary operations. The selection should be made so 
that each trig, point may command a view of the greatest 
practicable number of surrounding trig, point objects^ 
aihd that the least angle of a triangle at the trig, point 
may not be less than about 28®, whilst it is preferable 
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that the angles shall be as near as may be 60°, as 
already stated. From this it will be seen that the trig, 
points will be on leading points or parts in the surface 
configuration, such as hill tops, and hollows surrounded 
by elevated ground. In the selection of the trig, points 
for the detail-survey, another point or element enters 
into the case, namely, the practicability and facilities 
for making accurate chain measurements of the sides 
o£the triangles. The selection of the trig, points and the 
erection of the trig, point objects for the secondary and 
detaQ triangulations is technically termed ' poling the 
district.' The duty of the poling pariy extends beyond 
the mere selection of the trig, point. It includes, 
besides, the proper marking and poling of the point, and 
such surveys as may be necessary to enable a surveyor 
to refind it afterwards if necessary. 

The permanent mark may be a hole about one inch in 
diameter jumped into a field stone, which should be 
securely placed, hole upwards, a few feet below the 
sur&ce of the ground. The trig, point object should be 
placed vertically over the trig, point mark. If the object 
be a pole or a small tree stem, it should be placed on the 
trig, point, and firmly kept there by a pile of earth or 
other materials. The position of each trig, point shouldf 
be determined by measurements to surrounding detail, 
which should be explained by sketches of the immediate 
district. These sketches and measurements wiU enable 
a party to restore the pole to its first position at any 
subsequent time should it be accidentally or otherwise 
removed before the survey operations are complete. In 
addition to the local measurements, angles should be 
measured, with the prismatic compass or box-sextant, to 
other trig, points already poled, so that a diagram of 
established trig, points may be laid down and made to 
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assist in the sabsequent identification of the points and 
localities of the sketches. 

By a few angular measarements, data for the deter- 
mination of the position of the trig, points of the primary 
triangolaiion by compntatioh thronghothertriangles from 
the base line will be obtained. In the triangles through 
which the computation may be conduct^ (which should 
be by independent routes) a perfect check on the com- 
putation and measurement of the angles is secured, so 
that any error in the determination of the position of 
the few trig, points of the grand primary triangulation — 
points checked in at least two series of triangulations — 
shall be practically a minimum. Within the district 
embraced in this triangulation the resulting undetectable 
errors of area or of position are confined to the minimum 
error, computed in the grand primary or highest trian- 
gulation. The check on the results thus obtained should 
be carried out through all the other triangulations, even 
to that for the survey of detail. 

A survey made by French concessioners under the 
Spanish government in 1862 may be taken as an ex- 
ample of the French practice in trigonometrical surveys. 
In this survey the triangles were much smaller than 
detail triangles on the English system for a similar dis- 
trict. The triangles were equiangular, or nearly so. 
The size of the triangles ensured the practicability of 
measuring the angles, but the position of the trig, 
point was independent of the sur&ce configuration, so that 
a very important practical consideration was disregarded. 
The whole of the higher series of triangulations for 
limiting, detecting, and so abating the resulting errors 
due to errors of observation and calculation, a feature 
of great importance in the English trigonometrical 
survey, is wanting in this survey. The small size of the 
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independent triangles, and their great number, makes 
the triangnlation for a large district more remarkable 
for the great number of the triangles than for any prin- 
ciple for detecting, diminishing, or removing the errors 
which may be fallen into in the numerous independent 
measurements and calculations. 

In some localities the needless multiplication of trig, 
points was very striking, whilst the position of others 
was rather un&vourable for angular measurements ; and 
as no check was applied for the verification of the 
position of remote points, the huilding character of the 
triangulation was very remarkable. From the number 
of trig, points selected, their permanent marking would 
be a work of considerable labour to little purpose, as the 
number of trig, point objects observed from any one 
trig, point was limited to those having reference lines 
intersecting in the point. 

In all cases of * building triangulations' the liability to 
errors of Observation with the small theodolite used for 
measuring the angles, and to errors of Computation and 
Plotting, increases with the number of trig, points. 
These errors are to a great extent inelimitable, and hence 
the unsatisfactory character of the results obtained. It 
has been urged in fiEkvour of this system, that these errors 
ultimately compensate, but this is at best a bad reason 
for allowing the determination of many points having 
an unascertained error to stand, that a few undis- 
tinguishable points may be ultimately determined free 
from error. Any advantages this system may have will 
be best developed in surveys for small districts and close 
detail in low situations. 
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Trigonometrical Survey. — ^Thb Measurement op 

Angles. 

[The reader who is not akeady acqnaiiited with the 
use and adjustment of angular instnunents nsed in sur- 
veying, should make himself faJlj acquainted with what 
is given on those instruments in Chap. VliL] 

For the purpose of measuring horizontal angles, the 
theodolite is preferable to the other instruments, parti- 
cularly for trigonometrical surveys. The theodolite or 
small transit instrument is superior to the other instru- 
ments for this service, because of its optical arrange- 
ments, and the greater degree of accuracy with which 
angles may be measured with it. 

Horizontal angles may be read, with sufficient accuracy 
for most practical purposes, on a 24-inch horizontal limb 
for triangles of about 40 miles on the side, on a 12-inch 
limb for triangles of about 16 to 20 miles on the side, on 
a 7-inch limb for triangles of about 4 to 5 miles on the 
side, if the verniers be made to embrace a sufficient 
number of divisions of the circle, and on a 5-inch limb 
for triangles of about 1^ to 2 miles on the side. The 
instruments should be of perfect construction, and j^r- 
nished with superior telescopes. 

For the purpose of measuring the angles at a trig, or 
other angular point, the theodolite should be adjusted in 
the vertical over the trig, or angular point, by suspend- 
ing a conical plummet, point downwards, from a hook 
for the purpose placed in the stand under the vertical 
axis. In this adjustment care should be taken to protect 
the plummet fix)m disturbance by the wind, Ac. A 
small bullet let fall from under the vertical axis will 
show the point on the ground over which the instrument 




THEODOLITES — MEASUKING ANGLES. 59 

shall have been placed with sufficient accuracy for most 
snrvey purposes. 

Let be the angpilar point over which the theodolite 
is adjusted, and let n, nj, 
Wj, Wj, be remote points in ^' 

the lines intersected in o. 

The theodolite, when ad- 
justed over 0, should be ad- 
justed for observation, all 
the instrumental adjust- 
ments being previously 
made perfect. The tele- 
scope should be directed 
to the object on the point n, and both plates of the 
horizontal limb clamped. The vertical limb should be 
also clamped. The object at n should be finally ob^e^red 
by operating on the slow-motion screws to the hori%iout;al 
and vertical limbs until a particular point in the axis of 
the object is apparently covered (bisected) by the inter- 
section of cross wires of the diaphragm. The object or 
point n is said to be then observed. When the object is 
observed, the verniers to the horizonal and vertical limbs 
should be read, and the reading legibly entered in their 
respective columns on the ' field-book of angles.' The 
bisection of the object should be again examined, and the 
reading, entry, (&c., checked before disturbing the instru- 
ment or unclamping the limbs. The verification being 
satisfactorily made, the vertical limb and the upper or 
vernier plate of the horizontal limb should be undamped, 
so that that part of the horizontal limb may be made to 
revolve or turn round the vertical axis without disturb- 
ing the lower plate of the limb, which should remaiii 
clamped. The telescope should be next directed to the 
right-hand object tij, by turning careftilly the undamped 
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part of the instromeiit on the vertical axis. The free 
clamps should be made tight, and the object of the 
point rii observed by operating on the slow-motion screws 
to the vertical limb and upper plate of the horizontal 
limb. The verniers should be read, and the readings 
entered at the point 9i|, as already directed for the point 
n. After completing the verification of the bisection, 
readings, and entries for n^, the same parts should be 
again undamped ; the instrument should be again care- 
fully turned on its axis, and the telescope directed to i/j- 
The clamping of the undamped parts, the bisection of 
the 112 object, the readings, entries, verification, and un- 
clamping of the same parts should be carefdUy gone 
through, for this and every other point observed from o, 
in the order and manner stated for the point n, until the 
point n be again observed. The readings for the second 
observation of the point n should be found to be identical 
with those for the first observation if the clamp of the 
lower plate of the horizontal limb and the stand of the 
instrument be not disturbed during the measurement (on 
a particular arc) of the angles at o. If the clamp or stand 
may have been disturbed, the entries on the 'field- 
book of angles' should be cancelled^ and the angles re- 
measured. 

In order to remove errors of observation and imperfect 
graduation it will be necessary, if a high degree of accu- 
racy be desired, to repeat the measurement of the angles 
on different parts of the horizontal limb. This may be 
conveniently done, without disturbing the theodoHte, as 
follows : — After the object n shall be observed the second 
time on completing the first arc or angles, the lower 
plate should be undamped and the instrument turned 
on its vertical axis through any angle less than 360®. 
Then the lower plate should be clamped for the measure- 
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ment of the angles on the second a/re. The upper plate 
Bhould be now nnclamped before directing the telescope 
to the object n. The bisection, reading, and entry 
should be made by working on the same clamps and 
slow-motion screws as before directed. The other points, 
t^i, 7^2, &c., should be observed and the readings for the 
angles entered and verified in Hke manner on the second 
as on the first arc. The angles maybe measured on 
other arcs by the repetition of the operations just de- 
scribed. 

[It may be seen, by an inspection of the field-book of 
angles, that the primary and secondary divisions of the 
graduated limb are entered for one vernier only (No. 1), 
and that the vernier subdivisions of the secondary 
divisions are entered for all the verniers. This arrange- 
ment is designed to save time in the field by omitting 
unnecessary entries.] 

The dififet'ence between the readings for two trig, 
points, or points on the same arc and vernier, will 
be the measure of the angle contained between straight 
lines from these points to intersect in the axis of the 
theodolite or the angular point. The mean of the read- 
ings of the verniers for a particular observation will 
be the true reading for that observation ; and the dif- 
ference of such true readings for any two particular 
observations on the same arc will be the measure of the 
contained angle on that arc. Again, the mean of the 
contained angle on several arcs will be the true con- 
tained angle freed from errors of observation and gradua- 
tion. It should be found that the sum of the true or 
correct angles at an angular point shall be equal to 360^. 
In addition to this check on the measurement of the 
angles at an angular point, it should be also found that 
the sum of the angles of each of the plane triangles shall 
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be 180^.* In some cases there will appear a very small 
difference between the sum of the measured angles, of a 
plane triangle, and 180^. This difference maybe + 
or — , and be due to errors in measnring the angles, not 
altogether removed hj measuring them on different 
arcs ; one-third this error shoold be applied, with the 
sign + or — , as the case may be, to each of the angles. 

In large triaqgles in which the sides are arcs of great 
circles, and when the angles are measured without error, 
the sum of the internal angles will exceed 180°. The 
excess above 180° is called the spherical excess. To free 
the spherical excess of errors of observation, &c., it is ad- 
visable to take a side of the triangle and its adjacent angles 
and compute the area as for a plane triangle. For this pur- 
pose let A represent the area and r the radius of the earth. 

Then we have — = ^^. In this formula e is the 

r 180° 

spherical excess and t the circumference of a semi- 

A X 180° 
circle. Hence e = . Here ir r is the area of a 

wr 
great circle to the radius r. Again, putting a to repre- 
sent the area of this circle, we have c { = j = 

— X 180°. From this we find the remaining angle A'=^ 
a 

180°+e-(JB' + 00. The difference between the computed 

and measured angle will be the error due to observation. 

This difference should be apportioned as above directed. 

To find the arcs or angles corresponding to the sides 

of the triangles ahc (the length of the side a and the 

* This 18 a particalar case of the well-known geometrical cannon 
— yiz^ the sum of the internal angles of any plane figure, together 
with four right angles, is eqnal to twice as many right angles as the 
figure has sides. 
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angles of tlie triangle being known), the following com- 
putation shonld be made : — 

Let ^'^'(7'be the plane angles of the triderial soHd angle, 
at the centre of the earth, corresponding to the triangle. 

Then from trigonometry sin J.'=siL— ?L£, &c. This 
gives A' when r is known. And r = 



6 sin A! + sin' A 
[The resnlts from this formula will be suficientlj ac- 
curate for most practical purposes.] 
To find I c, 

(1) logtan^(6 + c) = logtan Ja + logcosi(-4— J5)— 

log 008^(^4 + 5). 

(2) logtan^(&— c) =logtan Ja+ logsin J(^— 5) — 
log sin ^(^+^). 

By taking the sum and difference of (1) and (2) we 
find h and c. Then to find the angle A^ 

tan i ^ = A /5^(^-^>??^*— ^)^. 
^/ sin«xsin(«— a) 

And to find the spherical excess e, 
tan Je=:l^teni«tani(«— a)tan^(«— 6)tanJ(»— c). 

K / be the sum of the angles of a spherical polygon 
divided into n triangles, having a conmion angular 
point, then, 

e=/-^Il2xl80^ 

From this and the foregoing it may be seen that the 
Rpherical excess is proportional to the area, independently 
of the number of triangles (n) or the number of sides 
of the spherical surface. Hence equal spherical areas 
have their excess equal. 

The following is an approved form for Field-book of 
Angles : — 
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In order to judge the cause of error in the readings 
or observations, it is desirable to place on the ' field-book 
of angles ' a statement of the state of the weather and 
the time of observation, and also a brief description of 
the form and colour of the observed object. Objects of 
considerable lateral dimensions, such as towers, steeples^ 
&c., when under a strong side light are liable to be 
inaccurately observed, the part under strong light ap- 
pearing greater, and the part in the shade less, than 
when the whole is under a uniform light. 

The vertical angles are of less importance than the 
horizontal angles; they are also much less accurately 
obtained by observation, and less subject to verifica- 
tion. These angles are distingnished, according as the 
observed object is above or below the lev^ of the 
observer, into angles of el&vation and depression. The 
index error should be placed on the * field-book of angles ' 
and applied to the vertical angles + or — , as the case 
may be. The angles of elevation and depression require 
to be farther corrected for refraction, which causes an 
object to appear higher than it really is. Hence, for 
angles of elevation and depression, the correction for 
refraction is — and H- respectively. 

The deviation of the ray jBx)m the direct line is caused 
by the difierence of density in the parts of the atmosphere 
traversed and the obliqidty of the traversing ray. The 
difierence of density in the atmospheric or gaseous mass 
is chiefiy caused by gravity, the force of which is in- 
versely proportional to the distance from the centre of 
the earth. The gaseous constitution of the atmosphere 
renders it subject to local variations of density, due 
to the development of local heat, which rarefies the part 
heated. From this it may be seen that the path of a ray 
near the earth's sur&ce, where local heat is very irregu- 
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larly generated and evolved, may be subject to many 
irregular distnrbing causes, which render corrections 
for refraction unreliable. Hence the results obtained 
by computation from the vertical angles must be re- 
garded as approximations only. 
When the trig, points are a considerable distance 

apart it will be found, after allowing 
for refraction, that the angle of de- 
pression, measured at the more ele- 
vated point, will be greater than the 
angle of elevation taken at the lower 
trig, point. If the distance between 
the trig, points be known, the differ- 
ence in altitude may be approxi- 
mately found by computation, as 
follows: — 
Let A (fig. 21) be the more elevated trig, point. 
B the lower trig, point. 
^ the angle of depression. 
the angle of elevation. 
G the centre of the earth. 
e the angle at (7. (== <l>—0). 
H the horizon of A, 
and h the horizon of B. 
Then B n cot 6^= BO^ the distance of B from C, and 

?^ X OBrs^AG, the distance of A from 0. From 
cos ^ 

these we find (A C—B 0) the difference of altitude — 
the altitude of A above B. 

In those cases where the horizontal distance shall be 
inconsiderable, the atmospheric refraction may be dis- 
regarded for most practical purposes. In cases, however, 
in which it may be desirable to estimate the effect of 
local atmospheric refraction for points near or on the 
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BorfiuM of tbe earth, iJie following mode of makmg the 
estiniate may be adopted : — 

Let A and B (fig. 22) be two trig, points, and OA b^ 
VBa, the meamired angles yig, 22. 

<yf elevation and depression 
at A and 2?. The cnrved 
line AB represents the 
path of the raj to which 
Ab^ Baare tangents at the 
points A and B^ and A B 
the direct line between 
these points. Then OAB 
and DBA are the tme 
aag^ <yf elevation and depression, and ABa (ssbAB) 
the error on those angles dne to atmospherio re&action. 
JjetAOf BOf be the direct lines to the centre of the 
earth from the points A and JB, and let AC and B 
(= ^ o) be known. Also let the angle AoB^ snbtending 
AO.he represented hy Z. Then OAB + Z z=, DBA. 
Patting r (= ABa) for the error due to refraction, we 
have r^^{OAb'{' Z^VBa) the refraction at the 
time of observation. 

'MxBiDiAS AvGLES. — Frimuitic Compass. 

The angle on a horizontal plane contained between 
any two straight lines inclined to one another in that 
plane, may be found by measuring independently the 
angle each line makes with the meridian. This may be 
conveniently done by means of the miner's dial, or pris- 
matic compass. The difierence between the magnetic 
readings — readings on the card attached to the mag- 
netic needle, or meridian pointer, in the box of the 
instrument — ^for the Hues, is the contained angle, pro- 
vided the card be graduated from to 360^, and also 
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provided the difference be less than 180^. If the differ- 
ence be greater than 180°, its supplement to 360° will be 
the contained angle. In those instrnments where the 
graduations are nnmbered from berths, poles, or points, 
of the magnetic bar, or needle, care should be taken to 
find the angle bj the proper reductions. If the readings 
have the same zero, and be on opposite sides of the meri- 
dian, their stmi will be the contained angle. But if the 
readings be on the same side of the meridian, and have 
the same zero, their difference will be the contained 
angle. Again, if the readings be on the same side of the 
meridian, but have not the same zero, then 180° less 
their sum will be the contained angle. And if the read- 
ings have not the same zero, and be on opposite sides of 
the meridian, the supplement of the greater to 180° should 
be added to the lesser to find the contained angle. 

The compass should be held horizontal, or nearly so, 
that the card or needle may have free motion on the 
suspension point when in the vertical plane of the 
line, the horizontal angle between which and the 
plane of the meridian is to be measured. The eye 
should be placed to the eye-hole or sHt at the back 
of the glass prism, and the bisection of a distant object 
'in the line' made by the vertical wire of the sight 
vane, held vertical, the prism being so adjusted that 
the wire and graduation may be seen in contact at the 
instant of observation. The reading of the graduations 
vnll be the magnetic angle or ' bearing.' Before taking 
the reading the card should have ceased to oscillate. K 
frt>m any vibratory cause the card will not completely 
cease to vibrate, then the mean of the extreme readings 
will be the true reading. [The extreme readings should 
be entered on the field-book, and not their mean.] 

K there be local disturbing forces acting, such as iron 
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or other highly magnetic bodies, the measnred angle 
"will not be the true angle. 

The prismatic compass maybe conveniently used for lay- 
ing off angles, tracing Hnes, erecting perpendicnlars, &c. 

Measuring Angles. — The Box Sextant. 

The * box sextant ' is for some survey purposes, par- 
ticularly for hydrographical surveys, a very convenient 
instrument. If, however, the district be such that 
the plane of the observer and the observed points, in 
lines containing the measured angle, makes a con- 
siderable angle with the horizontal, it is not advisable to 
measure the angle with the box sextant or sextant. 
Unlike the prismatic compass, the box sextant must 
be held vertically over the angular point. A distant 
bbject in one of the lines should be viewed directly, and 
a like object in the other line by reflection. When these 
objects apparently coincide, the reading of the graduated 
arc will be the contained angle. The measured angle 
should be corrected for index error, if any, and for 
parallax if the observed object be very near. For most 
survey purposes in which the sextant may be used the 
latter error may be altogether disregarded. 

In reading the vernier of the sextant, as in reading 
other verniers, particularly for graduated arcs, the Hght 
should be thrown on, or excluded jfrom, the graduations, 
so as to illuminate them equally, and so fadlitate the 
correct reading of the graduations. Much of the errors 
of observation is due to inaccurate reading of the 
verniers. 

Vertical angles may be measured with the box sextant, 
but for the purpose an artificial horizon is required,* in 

* Artificial horizons are made and sold by mathematical instru- 
ment makers. 
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order to obtain reflected images of the object, both 
from the index glass and the artificial horizon. The 
angle read on the £Ekce of the instrument will be double 
the angle of elevation. Except for the purpose of ob- 
serving the altitude of stars or other heavenly bodies, 
the sextant is not a convenient instrument for measuring 
vertical angles. 

Measusino Angles. — General Field Work. 

The skeleton map or diagram of established trig, 
points should indicate, besides the position of the trig, 
points, the leading sur£ekce configuration. This latter 
may be conveniently supplied by shading or etching on 
the skeleton map, which shoxdd give the angles for 
plotting or laying down the position of the trig, points. 
These points should be distinguished by names or cha- 
racters, which should be also written on their respective 
sketches, with the measurements to neighbouring detail, 
for the purpose of refinding the trig, points. Both the 
sketch map and the detail sketches with measurements 
should be supplied to the surveyor measuring the angles, 
in order that he may verify his position at any trig, 
point, and enter the proper distinguishing name or 
character to each observed point. 

The angles of each series of triangles should be 
measured with theodolites of the same and sufficient 
size and power for the purposes of the survey. All the 
points observable from a particular trig, point should be 
taken up in regular order, if convenient, and the readings 
taken on several arcs, as already explained. If con- 
venient, the observations should be made, particularly 
for the * grand ' and * primary ' triangalations, not only 
on the same day on different arcs, but also on different 
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days and in different states of the weather. For the 
trig, points of the smaller triangles less nmnerons ob- 
servations wiU suffice. 

In the * grand,' or other triangtdations, remote trig, 
points (beyond the range of the power of the telescope 
at the time of observation) may be observed by the 
reflection of the sun's rays or other strong Ught from 
the remote point to the station of the observer. This 
may be conveniently done as follows : — 

Near the remote point, but distant from it about four 
chains, in the line of observation between this point and. 
the station of the observer, a ranging rod should be set 
up, on which a polished metal ring should be so suspended 
that the ray to the observer may pass approximately 
through it. At this trig, point a reflector, mounted on 
a frame with a stiff universal joint, should be adjusted 
at short intervals of time by a party for the purpose, 
that the sun's reflected ray may be thrown on the 
polished metallic ring. This should be continued until 
it be reported that the point is sufficiently observed. 
At the same time that the reflected ray is being thrown 
on the metallic ring, the party measuring the angles 
— observing trig, points — should point the telescope, of a 
properly adjusted theodolite, to the remote trig, point ; 
and in observing keep cautiously moving it on a small 
fleld, by operating on the slow-motion screws to the 
upper plate and vertical limb (the whole of the mem- 
bers being clamped) until a flash of light from the 
reflector enters the telescope. In this position the in- 
strument shoxdd be allowed to remain, with the eye still 
kept to the telescope, until a second or third flash be 
observed. This will verify the bisection of the remote 
trig, point reflector object. 

In the triangulations for the smaller triangles the 
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poles, or temporary trig, point objects, should be removed, 
to allow the theodolite to be accurately adjusted over the 
trig, point. Afber the angles are measured at a point 
and a theodolite removed, the pole or other object 
should be carefolly replaced and secured in the vertical 
position. 

Sometimes it may be convenient to select a permanent 
conspicuous object, such as a tower or church steeple, 
for a trig, point. In these cases the axis of the tower or 
steeple will be the vertical of the trig, point, in which 
it will not be convenient to place the theodolite to 
measure the angles at that point. The angles at such 
inaccessible trig, points may be found as follows : — 

First Method^ hy equal Angles, 

Let A (fig. 23) be the inaccessible trig, point, B and 

C remote trig, points. It is required to find the angle 

Fiff 23 BAG. At B and G distances 

BB', GG\ each equal to the 
radius of the trig, point, per- 
manent objects should be laid 
off perpendicular to the lines 
BA GA&i those points; and 
on the points so determined 
suitable objects for observa- 
tion should be erected. Lines 
through the points B' G' should be traced to touch the 
trig, point permanent objects and intersect in the point 
A'. The angle B' A! O at A\ an accessible point, is 
equal to the required angle BAG, The angle A' may 
be measured as abeady described. 
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Second Method, hy am, AitxUiary Angle. 

Let A (fig. 24) be the inaccessible trig, point, BAO 
the required angle, B and G being re- Fig. 24. 

mote trig, points. An auxiliary point 
p should be selected near J., from 
which jB and may be observed. The 
lines mp, njp, mn, and the angle mpn, 
should be measured. The radius n^ 
of the circumscribed circle and the 
angle mnAia supposed to be known, 
so that the distance Ap may be found by computation. 
The computed approximate lengths oi ABj AO should 
be also known. At p the angles made by the lines from 
m, B, and G should be measured. These complete the 
data for finding the angle A by computation. 
Putting r to represent Ap 

„ the angle Bp G 

^ „ the angle A 

y „ theangle J5j?A(=mj}B+m|)ii) 

a „ the line A G 

and h ,, the line A B. Then 



sm 



« = ^-pGf^ABf. 



And 

Also 



M -n T Sin y 

sm A Bp = — =— 2.. 

o 

The angles found by their sines in these equktions being 
very small, the sines and arcs may be taken as equal, 
without serious error. Then we have from above — 
* — = J? Gf — A Bf, and by substitution 



* « = r sin (<^ + y ) 



a 

E 



r sin y 

— T" 
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The qnantities on the right hand side of this equation 
are all known, hence * — may be found. From this 
we have ^ — + Bp G = Ay the required angle. 

It may be observed that a, in the formula, is the line 
to the right, and h that to the lefb ; and if j? be on the 
left side of A G, then + y would exceed 180®, in which 
case the sine would be negatiye.* 

Measubement of the Base Line. 
* 
In order to obtain by computation the correct length 

of the several sides of the triangle of a trigonometrical 

survey, it is necessary, in addition to the measurement 

of the angles at the angular points, to find, by very 

accurate admeasurement, the length of a side of one of 

the triangles. 

If the triangulation be extensive, the lengths of one or 
more sides of remote triangles should be found in like 
manner, so as to verify the computed lengths of these 
sides. These latter lines are generally called ' bases of 
verification.* 

The selection of the lines for admeasurement is of 
much importance, for on the accurate determination of 
their lengths depends the possibility of the accurate 
determination of the lengths of th& sides of the other 
triangles by computation. It is farther desirable that 
the comptttotion of the length of each line, or side, may 
be made on several independent data, so as to detect 
arithmetical or typographical errors in the computations 
or in the book of logarithms used, which, if undetected, 
would give false or erroneous results. From this it may 
be seen that the hose Ime should be as near the centre of 
gravity of the district as circumstances will admit, and 

* Abridged from Ppssant's ' Gheod.' vol. L p. 210. 
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that its extremities Bhonld be observable from as wide a 
range on both sides of it as may be. For the latter 
reason, and the proper condact of the computations to a 
higher series of triangles, this line should be selected by 
the party selecting the position of the trig, points. But 
these are not the only conditions and considerations to 
be attended to : it is also desirable to haye regard to the 
facilities for making accurate measurements along the 
line between its extreme points. For the latter purpose 
it is essential that the ground be firm and level, or nearly 
level. It should be free from surface encumbrance, 
and if not free, it should be freed from such encun^- 
brance. 

If the ground on which the hose line shall be measured 
be not level, or a uniform plane, the intersection of the 
several planes between the extremities of the line, as 
well as the extreme points, should be marked on per- 
manent objects erected in the trace of the line at these 
points. The permanent objects may be built of masonry, 
capped with a suitable cut-stone, having its top sur£Etce 
level. The height of this stone above the gpround should 
be such that the straight lines joining the top surfaces 
may be above the ground at every part, and be as near 
as may be to two feet from it throughout, so that the 
plant on which the measuring instruments shall be sup- 
ported may have this line in their supporting surface. 

The extremities of the base line should be finely 
marked on the permanent objects erected for the purpose, 
and the Une between these points should be accurately 
traced with the theodolite, particularly on the interme- 
diate permanent objects, on which the plane points should 
be finely marked. The ground, if uneven on the sur^EU^e, 
should be made smooth and free from irregularities. 

The plant alluded to should be made of light, well- 

e2 



76 ON LAND SUEVBTINO. 

seasoned wood, properly put togetlier on' a suitable sole* 
plate provided with adjusting screws, &o.^ for adjusting 
the bearing surface in the line. 

The measuring instruments may be made of different 
materials, snch as glass, wood, iron, &c. Ghsa and 
wood are generally made into rigid wands, and iron 
into wands, flexible thin lengths, and chains composed 
of wire lioks connected by circular or oval rings. The 
materials which expand least with heat, and may be 
made in suitable lengths without splicing, are preferable 
to highly expansive or spliced measuring instruments. 
The standard temperature for the standard length on a 
particular material should be known on several thermo- 
meters. These should be used in the measuring opera- 
tions. The errors due to temperature may be com- 
puted by knowing the expansion of the measuring wand 
. per degree of heat, and the difference of temperature 
between that for standard length and each length laid 
down in measuring the line. 

The operations for measuring the hose line (which 
shall be presently described) should be performed with 
gpreat care in every particular. On commencing the 
measuring operations for the whole or any section of 
the Hne, the stands for supporting the measure of length 
in the line should be adjusted in the line at one end 
of the section or line. On this stand the measure of 
length should be extended, and its zero accurately ad- 
justed to the zero of the line. This may be done by 
clamping the wand or measure to its supporting-stand, 
and making the adjustment with a suitable slow-motion 
screw. A second and third measuring wand should be 
supported and adjusted in the line, and to the first and 
second measuring wands in the above manner, before 
disturbing the first stand and measuring wand laid 
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down. The temperatiire of the seyeral wands laid down 
in the line shonld be observed on thermometers^ at dif- 
ferent points in each, and the adjustments verified before 
removing the stand No. 1 to the forward part of No. 3 
stand (if three stands only be nsed), or to the forward 
end of the last stand adjusted in the line. The measur- 
ing wands should be distinguished, and the temperature 
for each entered to the description of its proper wand, 
&c. After the wand is brought forward and re-ad- 
justed in the line, the like observations and re-adjustments 
should be again repeated and carefullj noted before 
bnnging forward the rear stand to the front. In this 
manner the measurements should be made for the whole 
and every section of the line. 

If the measuring instrument be flexible or jointed, 
such as a steel tape line or chain, it should be drawn out 
vnth a given standard force by placing a weight over a 
pulley, and attaching it with a wire to the end of the 
measure. In this case the temperature should be also 
taken at several known points on the measure for each 
length laid down. The base line in the several planes 
should be several times measured in this manner, and a 
mean taken of the reduced lengths to find the correct 
measured length. 

The measured length found by the direct measurements 
should be corrected for temperature by computing for 
the several parts of each wand or measure the error due 
to difference of temperature, as already explained. The 
difference between the sums of the plus and minus errors 
should be added to or taken from the measured distance 
as the case may be, to find the correct or standard length 
of the line or section. 

It may be expected that in laying down the numerous 
lengths, and TnaVing the still more numerous observa* 
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tions of temperatare, some slight errors will be found to 
slightly vitiate the reduced or standard length. In 
order to reduce the liability to error by dispensing with 
the thermometric measurements, the officers of the Royal 
Engineers have brought into use, in the measurement of 
the hose Ime for the trigonometrical survey of Ghreat 
Britain, Ireland, and the Channel Islands, a very ingenious 
and perfect measuring instrument, which measured the 
standard length under every change of temperature in 
these latitudes. The following brief description of this 
instrument will suffice here. Two bars of metal ah. 

Fig. 26. **' ^' ^^^' ^^^' °^ known ex- 

pansion, are attached to one 

another at fche middle e, and at 

their extremities to two other 

bars h 6', a x\ whose expansion 

is known to be equal. The rate of expansion being 

known for each bar, the length of the bars a e, a! e, and 

a a! TOLSLj be found by computation, so that a point / in 

a a' shall be always a constant distance (fe) from the 

centre point under equal changes of temperature in those 

bars. The line fg will therefore be an unchanging 

measure of length for all temperatures.* 

If the section or line measured be horizontal, the 

mean of the reduced or corrected measured distance 

will be the true distance. If, however, the plane be 

inclined, its measured length, corrected for temperature, 

should be farther corrected for inclination to find the 

true horizontal length. To make this correction, the 

difference of level between the bench marks, or plane 

points, for each plane and section should be found by 

* Much interesting information will be fonnd on this subject in a 
work on the Ordnance Survey Base, &c., by Captain Yolland, R.E. 
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* 

accurately leveUing between these points several times, 
and taking a mean for the tme difference of level. From 
these measurements — ^the length of the incline and ver- 
tical height — ^the corresponding horizontal length may be 
found by computation. This computation may be arith- 
metically made by extracting the square root of the dif- 
ference of the squares of the inclined length and vertical 
height, which will give the required or true distance 
for that section or line. If the hose line contains several 
sections or planes, the sum of the true horizontal lengths 
of these sections will give the true length of the hose 
line. 



Pbolongation of a Measusbd Base. 

If the e3ctent of suitable ground be not sufficient for 
measuring directly the whole of the hose line, its length 
may be found by the admeasurement of an intermediate 
part or section as follows : — 

Let A B (fig. 26) be the measured section, and D 
the trig, point extremities p. ^g 

of the hose Ime, m and n 
other trig, points com- 
manding a view of G and 
D. The lines from m and 
n to G and D should be 
accurately traced at ca 
and d b, points from which 
A and B shall be visible. 
At the points A and B the 
intermediate points a c, 
d h should be observed, and also the points m n, if prac- 
ticable. The theodolite should be placed on the inter- 
mediate points, from which the extreme points of the 
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meafiored sectdon of the base and hose li7ie should be 
observed. The angle at an intermediate point subtended 
hj AB should not be less than 80°. It is assnmed that 
the angles at the trig, points Dm On are measured. 
Then, from trigonometry, we have in the triangle ABa 

T> AB sin A 
sm a 

In like manner B D may be computed in the triangles 
BaD and BhD, and AG in the triangles AdO and 
AcG, These computations* give the verification of the 
distances GA^Bl), and hence the length of the hose line 
by adding the measured section A B, The section A B 
should not be a small fraction of G D. 

Ajs a farther, but indirect, verification of the ascer- 
tained length of the base line, by the addition of the 
computed and measured parts or sections, the common 
side Gm should be computed in the triangles GmDy 
CmB, In like manner the other sides of the triangles 
GmD, DnGj adjacent to the hose, should be computed 
with the whole hose line (consisting of one measured 
and two computed sections) and the measured and one 
computed section as the given side. 

Combined Measubed Bases. 

The difficuliy of finding a suitable locality for measur- 
ing a base Ime of sufficient length for the purposes of 
the survey, may make it important to select a locality 
suitable for the determination of the haae liiie from 
combined meastired bases. These may be much more 
expeditiously and conveniently measured, and the deter- 
mination had, than in the mode just described for finding 
the length of the base line. The mode of proceeding is 
as follows : — 
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On snitable ground or level plain, if even of small 
extent, a comparatiyely short baseline AB (fig. 27) 
slionld be carefiilly and accu- 
rately measured, as already 
explained, witb the most ap- 
proved apparatus, and its true 
length very accurately found. 
The extremities at A and B 
should be previously marked 
on permanent objects, ua 
already described. At these 
points the equal angles CAB^ 
CBA should be laid off, eaoh 
the angle of an equilateral tri- 
angle, and the lines traced to 
meet in G, At the point of 
meeting a third permanent object should be erected, and 
the point of intersection finely marked on it. The 
sides ABy BG o£ this equilateral triangle should be also 
found, by equally accurate admeasurement, to verify the 
rigid accuracy of the construction of the equilateral tri- 
angle AB Gy or * combined measured bases.' 

From A and B angles of an equiangular triangle should 
be laid off on the other side of A B, and the lines traced 
to intersect in the point G\ This may be very con- 
veniently done by laying off with two theodolites the 
angles, and tracing the lines at the same time &om both 
the points A and jB, so that the axis of the object on the 
point of intersection may be bisected, at the same instant, 
by observation from both stations of the observers. 
From the latter determined point and G the angles of 
equiangular triangles (FGG\ OG O) should be laid off 
on opposite sides of G Gy and traced as described above, or 

in some other convenient manner, to intersect in the parts 

b3 
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F and 0, If the angles be aconrately laid off, and the 
lines properly traced, the points of intersection F and O 
should be found to be in the trace, or prolongation, of 
A B. And from the latter determined points, angles of 
the equiangular triangles should be laid off, and their 
lines traced as above to intersect, on opposite sides of 
the line jp*(7, in the points HKy which should be found 
to be points in the line C O produced. In this, manner 
the hfiBe line or base Imes may be extended in the lines 
AB, GC produced as may be required, and the deter- 
mination of the point yevified by the instrumental 
measurements. 

In tracing long lines over broken country it may not 
be practicable to command from the distant points a 
view of the point of intersection of the lines laid down 
in laying off the angles at those pdints. In those cases 
the lines should be traced forward at intermediate points, 
such as m, m', m", J7, in the manner hereinafter described 
for tracing lines with the theodolite. 

The lengths of the lines may be found as follows : — 

ca =zab^/b; 

FO =AB^/9', 

HK ^AB 27, and generally 

CO', ^AB^d^. 

A Suggestion for Practical Solution. — ^Measurement 

OF Base Lines. 

Before disposing of this important subject, it may bo 
well to offer a suggestion which may be found valuable 
for certain localities, and offer special advantages in 
ethers. 

The chief difficulty in finding a suitable locality for 
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tlie meastLrement of a base line arises more from the 
yielding nature of the turf covering of the firm ground 
than from inclination or surface irregularities. If a 
means of measurement be adopted which shall not 
require the surface of the ground to be firm, the difficulty 
in finding a suitable locality for the base line will be 
greatly lessened if not entirely overcome, as bogs, or 
peat moss, the level parts of the valleys of large rivers, 
fens, and even lakes, may be found sufficiently extensive 
and otherwise suitable for a hose Ime. 

In the preceding operations distance is measured by 
a line of given length, and hence the necessity for 
suitable ground on which to lay down the several 
lengths of the line of length or measuring wand. 
Distance may be also found by a measurement of 
quantity, if, the quantity be uniformly or propor- 
tionally distributed over the distance. Such a measure 
of distance, if properly applied, would satisfy all the 
requirements ia most localities. The uniform distribu- 
tion of material may be efiected in various ways, and 
the material may be either solid or liquid. We shall 
suggest the application of both, in a manner to bring 
out a verification of the measurement of a base line in a 
locality unsuitable for tlie direct measurement of distance 
by any other means. The locality selected may be a 
lake, lagoon, or other still-water surface. The means 
for making the measurement may be a water-tight steel 
tube, of small uniform bore and of the full length of the 
base Hne. This tube may be enclosed in a uniform 
gutta percha coating surrounded by light material, so 
as, when filled with water, to float it at all parts at the 
water surface of the lagoon or lake. Through this tube, 
at the time of fitting and soldering the parts to one 
another, a uniform steel wire of the frill length should 
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be paued. The tube may be paased acrofle ibe lagoon 
by a boat's crew, from one end of the base line to the 
other, to the vicinity of the trig, pointe. The tube will 
be visible at the snrfiice, and so its position in the 
straight line may be verified by a trace of the base Une 
with the theodolite. When properly extended and ad- 
justed in the line, the ends of the tube and the 
internal wire shonld be attached to apparatus for keeping 
the tube and wire so extended, and for conveying water 
into the tube at one end and discharging it at the other, 
so as to expel the air and completely fill the tube 
with water. This may be, perhaps, more conveniently 
done by holding the forward end of the tube a few feet 
under water in extending it across the lagoon or lake. 
If the boat be rowed at a low rate of speed, the strain 
on the pipe by the in-flowing water and ont-going air 
will be inappreciable. The temperature of the water in 
the tube and also of the iron wire should be observed at 
the ends and known intermediate pqints, at which ex- 
treme and intermediate points suitable valve appliances 
should be inserted, for making a gauging of the con- 
tents of the whole length at one or more operations. 
The water contents of the tube may be drawn o£^ and 
its weight or measure verified by taking the tempera- 
ture and a direct gauging. The enclosed wire should 
be withdrawn in suitable sections, and, after being 
dried, it should be weighed and temperature taken. 
After the wire shall be withdrawn the tube should be 
refilled with water, and the observations for tempe- 
rature made as before. It may then be discharged, 
and the contents verified by gauging, &o. These mea- 
surements should be repeated several times before and 
after the withdrawal of the wire, and a mean taken of 
th6 series or sets of measurements, for the correct 
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ganging or contents of each. The difference in the 
gangings will show the quantity of steel wire displace- 
ment. If the displacement at a known temperature for 
(say twenty) equal pieces of the steel wire, of an accu- 
rately ascertained length, be measured, sufficient data 
will be obtained to compute the distance, the law of 
expansion of water by increase of temperature being 
known. This will be checked by taking the quantity in 
terms of the ascertained weight thus : — 

Let W be the weight of the displaced water, dis- 
charged so as not to suffer loss by evaporation, and let 
W be the weight of the displacement for a length of 
wire (say) 20 1. Hence weight of displacement for {, the 

W 
accurately ascertained length, will be -^, From these 

data we have — ^ 

the total distance between the ends of the tube, if the 
temperature of the wire for the determination of W 
and W be equal. If the temperature be not equal, a 
corresponding correction should be made on I and the 
whole computed distance to find the correct distance. 

TsACiNa Stbaiqht Lines with a Theodohte. 

In tracing lines, such as for the prolongation of the 
measured base line, or the laying down the lines of a 
given angle, as in the determination of the vertex of an 
equiangular triangle in ' combined measured bases,' the 
theodolite should be placed and adjusted for observa- 
tion in the vertical of the angnlar or other point 
of the line to be traced. The telescope should be 
directed to a distant well-defined point in the line, and 
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the horizontal limb clamped. The bisection of the 
remote point may be made with the slow-motion screw 
attached to either plate of the limb. The line of colli- 
mation will then be in the vertical plane of the given 
line, so that points on the sur&ce bisected by the in- 
tersection of the cross wire will be in the reqnired trace 
of that plane or of the line. Let O (fig. 27) be the 
station of the theodolite, and OH the line to be traced. 
An assistant, provided with a good field telescope and a 
hand (conical-shod) flag pole, shonld place himself ap- 
proximately in the line at (m) the intermediate point to 
be determined. He shonld hold the pole vertical, and 
direct his telescope so as to bring the observer into its 
field of view. At the same time the observer shonld 
seek for the position of the remote assistant in the field 
o{ view of the theodolite telescope, as it is made to 
travel along the line by turning gently, with the eye to 
the telescope, the vertical limb on its axis. On observing 
the position of the remote assistant, if the flag pole be 
liot in the line to be traced, the assistant attending at 
the station of the theodolite shonld move laterally to the 
opposite side of the line to that on which the remote 
assistant has taken up his position, and set up his flag 
pole to indicate the direction that assistant should move 
to come into line. The distance of the signal flag pole 
from the theodolite should indicate the extent the remote 
assistant's position is in error. The remote assistant, 
observing: the movements, direction, and probable extent 
of error thus signalled, should move accordingly and 
steadily towards the hne, halting frequently to erect 
the flag pole and observe the signal flag pole of the 
observer's, until, finally, he takes up a point in or 
beyond the line. Then the observer's flag pole should 
be lowered. If the remote point be accurately in the 
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line tlie signal flag pole shoald be taken to tlie immediate 
rear of the observer, and after remaining np some 
minutes it sbonld be lowered, to indicate that the remote 
flag pole point is a point in the line. If, however, the 
remote point be taken up on the opposite side of the 
line to that first taken up, the signal flag pole should be 
taken to the opposite side and erected as before, until, 
under the direction of the observer and the combined 
movements of the remote and immediate assistants, the 
remote flag pole be accurately placed in the line and 
the proper signal to that effect given. The remote 
assistant should then mark the point and again set up 
the flag pole on it, to have the position verified before 
proceeding to the determination of other intermediate 
points in the line. Other points, as m'y &c., may be 
determined in like manner. K the point H be not 
visible from 0^ the theodolite should be taken to m' ; it 
should be placed in the vertical of this point, and 
adjusted for observation, . as already described. The 
clamps of the Ys should be opened and the telescope 
directed to the object O, which should be observed, with 
the clamps of the horizontal limb tight, and the inter- 
mediate points m, &c., again examined if visible from m'. 
The telescope should be carefrdly reversed in its Ys, and 
the trace of the line continued, as above, to JJ. Before 
disturbing the instrument the telescope should be again 
reversed, and the object at O again observed, in order to 
verify the position and trace of the forward points. The 
lines OK and FS should be traced in like manner, 
according to circumstances. The point H will there- 
fore be the point of common intersection of the traced 
lines. 

In tracing secondary reference and other lines, the 
extremities of which arc visible from an intermediate 
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point, but not visible from one another, the theodolite 
should be placed approximately in the line, at the inter- 
mediate point) and adjusted for observation. One of the 
end point objects should be observed, and the telescope 
reversed in its Ys, as abeadj described. By making the 
vertical limb revolve, it will be observed if the other end, 
or reference point, object be bisected by the intersection 
of the cross wires. If the object be * bisected,' the theo- 
dolite will be adjusted in the line ; if this be not the case, 
the theodoUte must be placed on a lateral point more 
nearly in the line, and the same adjustments and opera- 
tions again gone through at this position of the theodolite* 
In this manner, by ' trial and error,' the theodolite may 
be finally brought into the line, and the intermediate point 
accurately determined. From this point the trace at 
other intermediate points may be determined by signal- 
ling with the hand, &c., without the assistance of a field 
telescope or special assistants. In signalling with the 
hand, the upraised extended arm indicates the direc- 
tion of the movement required. When both arms are 
upraised and extended, it signals that the point is accu* 
rately determined. 

In the foregoing directions for the tracing of straight 
lines with the theodolite, it was tacitly assumed that the 
trace was over open country, free from surface encum- 
brances. In such country, accidental obstructions to 
the detail trace may be conveniently made by adopting 
a rectangular or other parallelogram, the opposite sides 
of which should be measured. The equal angles should 
be laid off with the theodolite. J£ the sides of an offset 
isosceles triangle be measured, the line may be traced 
past an obstruction by laying off the angles with the 
theodolite. When, however, the country is generally 
^cumbered, as in plantings and forests, the obstructions 
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are more namerous and less manageable. In such 
country some of the following methods may be adopted, 
according to circmnstances. 

The line may be traced in forests or plantings, in which 
there may not be underwood or general surface obstruc- 
tions, by the aid of auxiliary parallel lines. All the lines 
should be continuously traced at the same time. 

In the illustration (fig. 28) ab e are the parallel 
lines, and a c the auxiliary Unes. A B ia ek line, or 
direction, in which & is a trig, or reference point. Tho 
distances ah, ho in this line should be measured, and 
also the angle which h h makes with A B, The line h h 
and the auxiliary lines should be traced on this angle. 




until the trace of one of the parallel lines be obstructed 
by a tree, such as & at (i). Immediately on passing the 
obstruction on one of the auxiliary lines, a line should 
be traced on the measured angle or its supplement, as 
may be required, and traced to intersect the other 
auxiliary line. The angle made by these Hnes should 
be measured at the point of intersection, to verify the 
trace of the intersecting lines. From these angular 
points in the auxiliary lines, the distances a&j, chi should 
be measured in the transverse line, and found to meet, 
but not overlie, one another. Then will the point of 
meeting in the transverse line be a forward point in the 
line h. At a suitable distance forward from which &| may 
be observed, a like determination of another point, h'l in &, 
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Blioald be made. THe trace of the line b shotdd be taken 
npon these points and continued in connection with the 
anxiliarj lines nntil the trace of one of the lines be ob- 
structed at some other pointy such as a at (2). The trace 
of the obstructed line should be taken up hj measure- 
ments in the transverse line B^Ai, and in a forward paral- 
lel line, and the traces continued as described above. In 
like mn-TiTiflr the obstructions at (3), (4), &c., may be 
passed, and the trace of the line continued for consider- 
able distances with sufficient accuracy for most practical 
purposes. The continued paraDelism of the lines at the 
measured distance apart will be a sufficient verification. 

For brushwood or bush districts, in which the surface, 
encnmbrance is more stunted and dense, the line may 
be more conveniently traced as follows : — 

At A (fig. 29), a principal point, a stage for the 

Fig. 29. 




observer should be erected at such height as may be 
required to command a clear view of the over-wood 
trace of the line. For this purpose it is desirable that 
the site of ^ be elevated. The theodolite should be set 
up on the stage, and the trace of the line (A B) made in 
calm weather. The party for marking the determined 
intermediate points should be provided with a prismatic 
compass, suitable overwood flag apparatus (see fig. 30), 
and fine (silk or india-rubber covered) telegraphic wire 
and wheel-reel. The length of the telegraphic wire 
should not be less than the length of the line to be traced. 
For the purpose of tracing the line in the night time a 
magnesium wire light will be desirable. The overwood 



TEACING LINES IN BUSH OE TTKDEEWOOD. 91 



Fig. 80. 



flag apparatus w! d d (fig. 30) shotdd be made of light 
wood, to be portable, and suflGlciently strong to bear its 
own weight when extended, as in 
the margin. The lower ends of the 
diagonal bars should be furnished 
with a screw wire for tightening 
up the frame and keeping it fully 
extended. The elevated point m' 
may be made conspicuous above 
the vegetation with a red flag by 
day and the magnesium wire light 
by night. The observer at A should 
give to the forward, or detail- 
tracing party, the magnetic angle 
of the line to be traced, by which 
they may keep close to the line. 
One end of the telegraph wire 
should be connected with a signal- 
ling apparatus at A^ and the other 
with a like apparatus in charge of 
the tracing party. By this means 
the observer will be able to direct 
the movements of the party at the 
remote intermediate points in the , 
line, untU the elevated point ml be 
accurately adjusted in the line. A plummet from the 
point will refer the trace to the surface. The point A^ 
thus determined should be properly marked, and a 
survey made of surrounding objects, which should be 
also specially marked, to aid in a subsequent identifica- 
tion of the point. The approximate distance from A 
will be given by the length of telegraph wire paid out. 
In this manner the line may be traced at other inter- 
mediate points, for the length of the telegraph wire. 
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After the line is tsnxsed to this extent, the travel of 
the tracing pariy should be retraced, and the wire re- 
rolled for use in the prolongation of the trace of this 
line or the trace of other lines. If suitable intermediate 
points be identified by conspicuous flag-pole objects, 
these may be observed fix)m the principal points for 
observation, which will enable the surveyor to lay down 
their position on a map from computed (trigonometrical) 
distances. By this arrangement sections of the lines on 
which there may not be important detail, or which may 
be heavily obstructed, may be, in the first instance, and 
for most purposes in outlying districts, left unsurveyed. 

FiNomo Inaccessible Distances with the Aid of the 

Theodolite. 

In describing the methods for finding inaccessible 
distances with the chain, Chap. II. (illustration 15), the 
formula for finding inaccessible distances with the aid of 
the theodolite is given, and in the foregoing part of this 
chapter the measurement and laying-off of angles are 
more particularly described. The angles computed from 
the formula (see Chap. II.) are given here for con- 
venience of reference. [A copy of this table should be 
inserted in the back of the detail field-book.] 
When p=: 1,^ = 45° (K 0" 
„ = 2, „ = 26 33 64 
„ = 3, „ ^ 18 
=s 4 =14 

„ =s o, „ ^ y 

»> ^ ' ) »> = 8 
When the approximate distance will suffice, as in 
reconnoitring, these angles may be laid off with a pris- 
matic compass or box sextant. 
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TsAciNQ Lines with the Prismatio Compass. 

Lmes may be traced with this instrament with more 
rapidity than aocnracy. The magnetic angle of the line 
should be measured, which will give the direction when 
the compass is on any point in the line. When the 
compass is held at a forwar4 x>oint in view of a point in 
the line, the reading should be the measured angle + 180^. 
The observer in this situation should change his position 
until it be so taken up, that on observing the known 
point in the line, the wire of the sight vane shall mark 
the correct angle on the card. Then will the observer 
be on a point in the line. 

Computation of the Sides of Tbiangles. 

The sides of the several triangles should be computed 
from data obtained from different independent triangles, 
as already stated. In plane trigonometry it is shown 
that the sines of the angles of a plane triangle are pro- 
portional to the lengths of their opposite sides. From 
this it may be seen that, if the angles be represented by 
ABO, and their opposite sides hj ah c respectively, 

then a = b X -, — =;, which is the general formula. 

sm. B 

In t)|e conduct of a trigonometrical survey it may be 
desirable to compare the measured and computed extent 
of an angle, or determine the position of a hanging or 
other trig, point. In those cases two principal combi- 
nations may occur in the given data for the computation. 
These combinations are : — 

I. Two sides and a contained angle. 

n. Two angles and a side. 
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In n. the data may place tlie angles adjacent to the 
side or one of them opposite to it. 

In L the nnknown parts are a side and its adjacent 
angles, and in 11. the sides and a contained or adjacent 
angle. 

To find the angles adjacent to the unknown side in I. 
we have firom trigonometry : — 

a + 2>:a — 6::tanJ(^ + jB):tani(^ — B). Taking 
half the snm and half the difference of the angles in the 
two last terms of the proportion — ^the last being the 
computed term — ^we have -j^ (ui+B) H- ^(-4.— J5) s=s ^, 
the greater angle, a being the greater side, and ^(A+B) 
— -^(J.— B) ss J?, the lesser nnknown angle. The 
remaining side may be computed from the general 
formula. 

To find the unknown parts in II. we have — 

em (A-\-B) : CM Bin A : a; 

or a ag — -. .♦ And 

sm(^+5) 

. rt ^^ X siUil 
sm 1/ n . 

a 

The lengths of Hues in the detail triangulation computed 
from these formula should be compared with the measured 
distances, as a check on the return of field work in the 
detail content, or other field-book. As already stated, 
the errors in the measurements of the lines should not 
exceed 1 in 1,000 in open country, or Ij^ in IJOOO in 
stiffer and hilly country. 

When it is required to obtain a map of a line of travel 
with the least length of lines and in the shortest time^ 

* There is a particular relation of e and its opposite angle, which 
would render the determination of a from the formula doubtfuL 
See Chap. YI. (Computations). 
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or when it is required to find, approximately, the area 
of a district of moderate extent, a survey by * traverse* 
may be adopted. If the lines of this survey make a 
complete ' close,' or complete the traverse polygon, the 
enclosed area may be computed. In the traverse the 
sides and angles of the polygon should be measured, the 
former to the horizontal with the chain, and the latter 
with a suitable angular instrument. The detail should 
be surveyed on the sides of the traverse polygon as re- 
ference lines, or on other reference lines, making a known 
angle with a line of the polygon, which it should inter- 
sect at a given or known reference point. 

If the angles be measured with a prismatic compass, 
or, more correctly, the magnetic meridian angles for the 
sides of the polygon be measured for each reference line 
of the polygon, it is desirable that this angle be mea- 
sured by observing a remote point in the line from 
another point in the same at or near either end. The 
difference of the angles for each line should be found 
to be 180^, if the angles be accurately measured. 

The traverse may be more or less complete according 
as the reference lines of the survey do or do not make a 
polygon. In a complete traverse, or * close,' the sum of 
the internal angles added to 860^ shall be equal to the 
product of 180^, multiplied by the number of angular 
points. 

If there be no great difference of level between the 
extreme angular points of adjacent lines of the tra- 
verse polygon, the angles may be conveuiently measured 
with a box sextant. If, however, there be any con- 
siderable difference of level between these points, the 
angle measured being in their plane, the use of this 
angular instrument is objectionable. The angles mea- 
sured with the box sextant should be reduced to angles 
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made witli a fixed diieciioii or meridian to dbiain the 
angles snitable for use in the compntafcion for areas. 

A more accurate measurement of the angles may be 
made with the theodolite. The reading of the horizontal 
limb may be made to give directly the angle made with a 
fixed direction or meridian, as in the measurements with 
the prismatic compass, or it may be made to give the angle 
independently, as in the measurements with the box sex- 
tant. The former mode fi>r measuring the angles affords a 
check on the manipulation of the instroment, and gives 
jnore conveniently the data for the computation of areas. 

The angles which the sides of a traverse polygon make 
with a given direction may be measured with the theo- 
dolite as follows : — 

At the end of the first measured reference Hue, or the 

first line of the traverse polygon, the theodoHte should 

be adjusted over the angular point, and also adjusted 

for observation. The telescope should be directed to an 

object on the remote end of the first line, which should 

be observed, the horizontal limb being previously 

clamped. The verniers should be then read, and the 

47— 2'— 16" 
readiness entered thus : -;rpr^ — rr — — ^ . The first vernier 

^ 227—2 —16 

gives the angle which the line makes with the zero dia- 
meter, which, for convenience, may be taken as the line 
of direction. The upper plate of the horizontal limb 
should be undamped, and the telescope directed to an 
object at an intermediate or the extreme remote point 
in the second line, which should be observed, as 
already directed in the foregoing part of this Chapter 
on the measurement of horizontal angles. The read- 
ing for the second line will give the angle, as above, 
which this line makes with the fixed line of direction. 
After verifying the observation and readings at the first 
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point for the iecond line, the theodolite should be care- 
ffoHj removed, without shock, with the npper plate se- 
curely clamped to the second angular point, over which 
it should be adjusted for position and observation. The 
telescope clasps should be carefully and cautiously opened, 
and the telescope equally cautiously reversed in its Ys. 
The lower plate of the horizontal limb should be un- 
damped, and the telescope directed to the object in the 
second line, on or near the first angular point ; the 
lower plate should be next reclamped, and the object 
observed by working the slow-motion screw to the 
lower plate. The zero diameter of the horizontal limb 
will be now adjusted parallel to its position at the first 
angular point. The telescope should be again reversed, 
the upper plate undamped, the forward object on the 
(third) forward line observed, and the readings entered 
as directed above. This gives the angle made with the 
line of direction. The angle made by the forward lines 
with the fixed line of direction at the successive angu- 
lar points may be measured in like manner. It may 
be seen that the line first measured (first) will be the 
forward line for the ultimate or last angular point, and 
hence the first or backward reading at the first angular 
point should be identical with the forward reading at 
the last angular point, the upper plate of the horizontal 
limb having passed through 360°. 

It may be observed that the adjustment for parallelism 
of the zero diameter of the instrument at the several an- 
gular points is made, after the reversion of the telescope, 
with the clamp and slow-motion screw to the lower 
plate of the horizontal limb, and that the adjustment for 
the measurement of the angles in the observations of 
the forward objects is nUbde with the clamp and slow- 
motion screw to the upper plate of the limb. 

F 
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The measnrement of the angles, as independent angles, 
has been already described. If the successiye angles be 
measirred without reversing the telescope, bj continnons 
readings on the horizontal limb, the angle made by each 
line with a fixed line of direction, snch as the line of the 
aero diameter of the first angular point, may be found 
by deducting 180^ from each alternate reading after the 
first. 

The computation for area may be made to afford an 
approximate check on the relative accuracy attained in 
the measurement of the sides and angles of the polygon. 
This check may be obtained as follows : — 

Let ah c d e (fig. 31) be the angular points of the 

traverse polygon, and let m m' be the 
circumscribed parallelogram for the 
computation of the area. If there be 
relative error in the measurements, 
the opposite sides of this parallelogram 
will not be truly equal. The lines 
or angles in error will not be distin- 
guishable. Now if 45^ be added to 
each of the angles, the paraQelogram 
for computation will be as represented in the diagram 
by g g'. If the sides he, 6 (2, or an adjacent angle, be those 
relatively in error, the corresponding side of gg* will 
show this error more distinctly than will be shown by 
the sides of m m/. In this manner an indication of the 
point or part — ^the line or angle — ^in relative error will be 
obtained. 

To localise errors sufi&ciently, so that the detail sur- 
veyor may remeasure the parts in error, a more perfect 
check is required. This may be effected by the measure- 
ment of angles firom two or more angular points to an 
internal point of linear intersection. It has been already 
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shown, that when this check is really perfect for all 
parts of the polygon, the internal lines affording the 
check are the sides of the triangles of a triangnlation of 
the enclosed district. In those cases the traverse be- 
comes a triangnlation. 

The traverse polygon may be subdivided, by internal 
traverse lines, from any one known point to any other 
known point. The polygons so formed may be treated 
as independent traverse polygons. 

It will be found convenient in traverse surveying to 
proceed with the sun, keeping the district to be embraced 
in the traverse on the right-hand side, as in the annexed 
traverse field-book (fig. 32). In the sketching and 
filling in of details, it may sometimes be an advantage 
to determine the position of a remote point by the mag- 
netic angles of lines from known points in the traverse 
lines, so selected, that the angle made at the remote 
point may not be less than about 30°. The magnetic 
angles may be measured from the remote point to at 
least two known points in the traverse lines, or to other 
well-determined points. The measurements on a re- 
ference line for the required detail should commence at 
this remote point. If the detail be, generally, not well 
defined, such as the margin of marshes, bogs, brushwood, 
&c., the determination of the remote points may be 
sufiicient for many purposes. Between the points so 
determined the features of detail may be sketched in with 
the hand. 



ts 



100 OK LAND SUSYETHrO. 



CHAPTEB IV, 

PABTICX7LAB SUBYETS — SUBYET OF TOWNS. 

The importance of the accnrate determinatioii and de- 
lineation of the measnrements for, and the position of, 
town detail (when laid down to a large scale), makes it de- 
sirable that the reference lines for this service be tdHj 
Terified by the laying down of these lines on paper from 
the measnrements on the field-book. For the more accn- 
rate determination and verification not only of the position 
and limits of the reference lines, but also for the inde- 
pendent determination of the chief points in the detail 
to be surveyed on those lines, it is desirable and import- 
ant that the circumscribing base lines of the survey be 
sides of triangles of a trigonometrical survey, embracing 
the town and surrounding neighbourhood. 

In * poling' for the trigonometrical survey, regard should 
be had to the service and objects for which the survey is 
undertaken, so that the points selected for observation in 
measuring the angles shall be points easily accessible in 
the detail survey. If conspicuous permanent objects 
be not suitably located in the town, flag-poles should 
be erected in suitable and convenient positions. The 
trigonometrical survey should be complete, and the tiig. 
and other observed points laid down from the computed 
distances to the proper scale for the map, before taking 
up the detail survey of the town. The principal refer- 
ence lines of the town survey should be so selected as to 
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traverse streets the direction of whicli may facilitate the 
tracing of straight lines from reference points in the 
primary reference lines of the triangles for the detail 
sarvej of the suburbs on the one side to like points and 
lines on the other side. These town reference lines may 
be traced both ways, from an intermediate point, to inter- 
sect the primary lines in whatever point they may ; or 
they may be traced from a given reference point in a 
primary line, through a particular intermediate point, 
and prolonged to intersect the lines on the other side of 
the town ; or the town reference line may be traced 
from elevated remote points in the suburbs, to intersect 
the primary reference lines on both sides of the town, 
according to circumstances. Other town reference lines 
may be traced to reference on the town principal refer^ 
ence lines, or on these and the primary reference lines, 
or on one another, as may be found desirable for the 
purposes of the survey. Two reference lines should not 
have an intermediate common point of intersection, as 
the point of a reference line first intersected by another 
reference line should be the reference point and limit of 
the latter line. Two reference lines, however, may have 
a common reference point, and be in the same straight 
line. All town reference lines, of any considerable 
length, should be traced at numerous points with a 
theodolite, and the reference points accurately deter- 
mined and properly marked for subsequent identifi- 
cation. The detail of those parts of the town which 
cannot be obtained on reference lines, connected directly 
with other reference lines, may, from necessity, be sur- 
veyed on traverse reference lines referred to the direct 
reference lines, or to the angular points of other tra- 
verse lines. 

It may be seen that the town reference lines belong to 
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thai class denominated ^ blockmg/ afareadjr referred to 
(see Oliist. 6). The ineasiiTeinfiiLtB for detafl should, 
however, he so made, that the ultimate point surveyed 
on one reference line maj he also snrrejed on the ad- 
jacent reference line. 

In town sorreys nnmeroos inaccessihle distances and 
obstacles to the direct continnons trace of reference lines 
will oocor. These lines may he traced to and heyond 
the obstacles by adopting, in each case, some one of 
the modes already described fer tracing obstractedlines. 
The theodolite should be nsed for laying off and tracing 
perpendiculars, angles, &c. It shonld be also used for 
the tracing of lines and laying off the angles for finding 
the inaccessible distances, except in certain cases where 
the chain may be preferred, as at street comers, such as 

mm' (fig. 33). 

fig. 83. 




The mode of proceeding in finriiTig inaccessible dis- 
tances in town sorveys may be, perhaps, better under- 
stood by the consideration of a practical case. In the 
illustration the detail line of the building at a enables 
the surveyor to prolong these lines accurately, in which 
case the theodolite need not be used. For the trace of 
the line at c, and the line v c, the theodolite shoidd be 
placed over v in the reference line, and the angle v 
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(s: cvcf) laid off, and the line v d traced at d. The line 
V c' should be accnrately measured with the chain. At 
d a right angle, or the complement of the angle t; (=s 90® 
-* v), should be laid off on the line side of v dy and 
the line traced to intersect the reference line. From 

these data we have cd ^ t? c x sin t; ^^ distance of d 

r 

from the reference line at the point of intersection of c d. 
The inaccessible distance t; c in the reference line will be 
found &om the formula— 

vc^cd cos Vj 
or vc= (!;(/*— cc'*)*. 

The reference line may be determined at an intermediate 
point, and traced in the rear of buildings as follows : — 
At a point t' in the line vd 9i, right angle, or the complement 
of i;, should be laid off on the line side of v d. The line 
maj be traced through a gateway, passage, &c., to the rear 
of the buildings and to the reference line. The distance 
at TOAj be computed by the proportion — vd \ cd',\vt' 
\ i* U This distance being laid down determines L At 
the points i and c the reference line should be laid off at 
the proper angle to t f , d c, and traced on the rear and front 
of the buildings. The distance v t may be computed as 
above, and the measurements in the rear, &c,, entered 
on the field-book, as in ordinary accessible detail. 

The line v d may be made a reference line, if desirable, 
by prolonging ed to reference on another reference line. 
In these determinations it is not absolutely necessary 
that cd, ft should be perpendiculars to the reference 
line ; when the circumstances permit it is desirable that 
such lines should be perpendiculars. In this, as in 
other surveys, offset triangles, with sufficient checks, are 
admissible if the detail cannot well be obtained on other 
reference lines. 
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The snryej of detail on reference lines traced and 
measured, as described above, giyes its position with 
much greater accnracy than when the detail is sorveyed 
on a trayerse of lines along the streets. The snperiorit j 
of the survey on the secondary reference * block ' lines 
may be readily seen, as in this mode the front and rear 
of buildings and backward detail is alike directly obtained 
on the reference lines, the length and position of which 
are independently verified. The superiority may be also 
judged on a consideration of the accuracy with which 
the lines may be laid down on paper, and the direct 
verification obtained from the field-book, as well as 
the close proximity of the detail to the reference line for 
its survey.* In the traverse there is no absolute verifica- 

* The town of Bangas de Madrid, in Spain, was surveyed by the 
author, in 1861, on secondary and primary reference lines. The 
surrey was undertaken in this manner chiefly with a view to de- 
monstrate to others the superiority of skilful over unskilful survey- 
ing, as a traverse survey was that approved by the field superinten- 
dent of detail surveyors. The town is in part skirted by olive (walled) 
gardens, and has an irregular circular outline. The streets are 
numerous, and it was found impracticable to trace a single un- 
obstructed principal secondary reference line. The obstructions and 
inaccessible distances were comparatively numerous. The church 
steeple, near the middle of the town, was surveyed on a detail line, 
the survey of which was obstructed by ranges of buildings at three 
parts, the church being between two of these obstructions. The 
axis of the spire, as found by the detail survey, differed by 3 in., or 
rather less than half a link, from the position determined by the 
trigonometrical survey. The plan was laid down to a scale of 1 
in 300, and subjected to a rigid examination. It passed through the 
ordeal without condemnation in any particular. [This is alluded 
tx), to show the success attained, with inexperienced assistants, 
for a difficult town district, by the adoption of that system, or geo- 
metrical construction, in which the chain and scale measurements 
verify each other, and so the fidelity of the plan is assured before 
it« detailed examination.] 
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tion of the positian or length of & particnlar reference 
line practicable ; and beaides, the remoteneBS of the refer- 
ence line &oin the rear dettuJ, generally indirectly snr- 
reyed on it, is a seiions difficulty, not only on the gronnd, 



but also in the office — ^not only in the anrvey of the de. 
tail, bnt also in the laying down the i 
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In the survey of towns and buildings generally the 
perpendicnlars shoxdd not exceed 20 to 40 links. From 
this it may be seen that in streets of considerable width 
it is according to good practice to run reference lines for 
the snrvey of detail on each side. 

Each honse witii parallel sides shonld be surveyed by 
perpendicnlars to three comers, and &ce measurements 
from these to the remaining angle or comer. The point 
of intersection, on reference lines, of the production of 
the lines of the &<ce walls of chimneys, gables, faces of 
buildings, walls, d;c., should be surveyed on different 
lines, and shown on the field-book, to verify the position 
given those faces by the detail measurements. The 
measurements of the internal details of buildings should 
be checked by diagonals, prolongations, &c., as it will be 
impracticable in some instances to obtain directly, on 
reference lines, measurements of such details. An in- 
spection of fig. 34, illustrating a survey of buildings, 
will show the points requiring attention. 

Surveys for Bailwat, Cahal, Boad, Ac, Purposes. 

Surveys for these, or like purposes, require to be 
conducted with much skill, and made with a high degree 
of accuracy. The chief features of the districts for 
survey in those services are great length, narrow width, 
and irregular outline. Having regard to the surface 
configuration, the special service in each particular case, 
the limitation of time, and the general financial in- 
terests of the projectors, the * traverse survey,' with 
trigonometrical checks more or less perfect, may be in 
most cases advantageously adopted. 

In these, as in other surveys, the surveyor should 
make himself acquainted with the position of the leading 
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features of the whole line of district, and' the more 
particular features at certain points (which, if the dis- 
trict be extensive, should be obtained bj a preliminary 
reconnoitering survey), before determining the particular 
locality and lateral extent of the district for detail 
survey. After the route of the detail survey operations 
is determined, the selected district should be * poled,' 
so that the reference lines may traverse the trian- 
gles, of which the * poled ' shall be the angular points. 
The triangles so formed should be well conditioned. 
The sides of remote triangles should be accurately mea- 
sured as hose UneSy and hose lines for verification^ so that 
the whole district may be simultaneously surveyed in 
sections, which, when applied to one another, shall make 
one continuous whole. The angles of the triangles 
should be measured with a suitable theodolite, and the 
sides computed before proceeding with the survey of 
detail. 

The traverse may be conducted with the theodolite 
as already described in Chap. III. The points in which 
the traverse reference line intersects the side of a tri- 
angle should be determined by tracing the intersected side 
at the point of intersection. From these points the an- 
gular or trig, point (poles) should be observed, and the 
angles made by the side of the triangle with the traverse 
reference line, and the lines to the observed trig, points, 
measured. From these data the position of the traverse 
reference point in the side of the triangle, the distance 
from this point to the observed trig, points and the 
traverse reference line traversing the triangle, may be 
computed. The points and lines may be laid down from 
the computed distances. An inspection of the illustra- 
tion (fig. 85) will suffice to show the reference and 
trig, points, and the lines and distances for computation, 
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ftnd the projected line of tlie railway, for wMoh. the 
trigonometrical tmd traverse sarveya may be comTnned. 



With these additional meaenrementa the traverge may 
be conducted as for an ordinary detail anrrey. Remote 
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detail may be taken up, if desirable, with the aid of the 
prismatic compass, as already described. The measure- 
ments, to the horizontal with the chain, of the traverse 
and other reference lines will be suffipiently checked, for 
most practical purposes, hj the computed and plotted 
distances.* In some places the line of works will deviate 
from the traverse lines. For railway and some other 
works this deviation will be generally on a circular 
curve of lesser or greater radius. The deviation may, 
however, be along any other regular line. 

Tracing Circular Curves (for Railway or other 

Purposes). 

Circular curves of a known radius may be traced on 
the ground by any of the following and some other 
methods : — 1. By the measurement of perpendiculars to 
certain chords produced. 2. By the measurement of 
perpendiculars to corresponding reference points in the 
chord. 3. By perpendiculars from reference points in 
the tangents. 4. By lines traced with the theodoHte 
between reference points in intersecting tangents. 5. By 
the intersection of lines traced with the theodolite on 
particular angles from the tangent point — point of 
tangency — and the measurement of certain lines from ad- 
jacent known points in the curve. 6. And by the inter- 
section of lines traced simultaneously on corresponding 
particular angles, with theodolites placed at the ex- 
tremities of the chord points of tangency. 

The authorship of some of these modes for tracing 
circular curves is disputed. It is believed Mr. Baker is 

* In Ireland, and many parts of England and Scotland, the pub- 
lication of the detail Hx-inch Ordnance Maps enables the engineer to 
lay down directly the line of works on these excellent maps. 
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prominentlj amongst tlie first and most original authors 
to pnblisli modes for the purpose. The author disclaims 
any intention to investigate, in this place, the question 
of authorship where it may be disputed. It is proposed 
in this place to describe the best modes for tracing 
circular curves, without prejudice to the claims of the 
authors of these modes. 

In every case the traverse reference lines, or tangents, 
on which the deviation commences should be traced and 
measured to their intersection or angular point, and the 
angle measured. 

The marginal diagram (fig. 36) will assist the reader 
in understanding the following descriptions and investi- 
gations : — Let ABy BC he the 
traverse reference lines inter- 
secting in B ; then will B be 
the measured angle ; and let 
t^ tc be the points of taugency 
for a circular curve whose 
radius is r(^=otc). The dis- 
tance of the points of tangency 
from B may be computed from 
the formula — 

rcoiiB=:Bt,(—BQ^ Also 

r cosec -^ 5 — r = 5 V, 
or (oosecj^— l)r = JBv, 
or iBtJ^ + r^y-r^Bv. 

This gives the curve point in the line bisecting the 
measured angle, which is the common secant to the 
tangents. Again we have 

rta3i(4&^-iB)=vd(=^dQ, 
or r tan i (90**-^ 5) = dt^. 

The points t„ tc d, d' and v may be determined by 
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measarements from the point of intersection B» The 
curve may be traced from t^, v, or t^ as follows : — 

1. Let t^d (fig. 37) be part of the tangent (ta being 
the point of tangency), c^c a perpendicular termi- 
nating in the curve, and the angle 
at the centre subtended by the 
chord taC, Then 

U ^ 2 8ini»xcosi» And 
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do = 



2r 



This is the gene- 




ral formula for the perpendicular 
to the tangent. 

The chord taC should* be traced 
through the forward determined 
point c and prolonged to d', making 
cd' equal to tjl. At d^ a perpen- 
dicular dV should be erected to 
terminate in the curve. To find 
the length of this perpendicular we have from the 

equiangular triangles tad c, tj' c\ d' c' ^ tjfxdc ^ 

The lines t^o^ c d are equal ; if, therefore, c c' be pro- 
duced to d}\ making d d" = c d\ the perpendiculars cf' d'\ 
c' d' terminating in the curve will be equal; and so 
on for other equal perpendiculars to the equal chords 
prolonged to equal distances. By tracing the chord lines, 
and laying down the equal distances and perpendiculars 
in succession, the curve will be traced at the points c c' 
c", Ac. 

2. For tracing the curve through the extremities of 



* When r is large with respect to t^c, 2 t^d may be taken as 
equal to t^i^, and therefore d! d ^2dc, 
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perpendiculars to the chord, the length of the perpen- 
dicular and the position of its reference point on the 
chord may be found as follows : — 

In the diagram (fig. 38) tjtc is ^e chord, and g the 

point of bisection. 
^**®- Let the angle gt^ 

be represented by -e- , 
and t^ by r; then 

o^ = r sin ■«., 
or o^r = (r»-./^5f2)*; 

and 2 r cos ■«• = tjtc- 
This verifies the cor- 
rect measurement of 
the chord. Again, 
let om be the dia- 
meter parallel to the 
chord. Then 

, (r*— n^')* = mc. Hence 7wc—mri = wc, 

the required perpendicular from the reference point m. 

In laying down or tracing, the curve tjtc should be 
first measured and verified before marking the bisection 
at g. Measurements for the reference points fn, &c., 
should have their zero in g^ and be continued both ways 
to tjt^. The perpendiculars should be erected and 
traced with an angular instrument. 

3. The curve may be traced through the extremities 
of perpendiculars to the tangent. These perpendiculars 
may be found as follows : — 

Let V m! (fig. 38) be the distance from the point of tan- 
gency v to the reference point m', and m' e the perpendicu* 




vm 



'2 



lar. Then we have fix)m the general formula -^z — ^^m'c. 

2r 

It may be seen by an inspection of the diagram that 
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the perpendicular to the tangent terminating in the 
cnrve, at any particular distance from the point of tan- 
gencj, is the complement of the perpendicular to the 
chord of four times the arc, at an equal distance £rom 
the bisection of the chord. It may be also seen that the 
perpendicular fd will be equal to the versine (« i^ of 
the angle 0', of which % d shall be the sine, and that 
the distance from tj to the reference point / will be 
equal to the sine {dz) of the angle ^'. With a table of 
nat. sines and cosines, the distances for the reference 
points and their corresponding perpendiculars may be 
conveniently computed from the following formula by 
giving different values to : — 

?'S3n0 (=zzc')=itj, 
r(l-cos0)(=»y=/c'. 

4. The distances from the points of tangency in inter- 
secting tangents to the reference points of the lines tan- 
gents at certain intermediate points in the curve may 
be found as follows : — 

It has been already shown (p. 110) that the line 
JBt; = (cosec^JB— l)r. Also that 
vd'=rtani(90«-^B). Now let 
the arc v t^ (fig. 39), (half the 
curve to be traced), be divided into * 
m equal parts, and let represent 
the angle at the centre subtended 
by one of those parts ; also let c[ 
be the distance in the tangent mea- 
sured from the points v or t^^ so 
that when 9 = 0, ^sso, and when 

In this we have the following 
relation : — 



Fig. 39. 
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^\ By tracing 
^^ straight Knes 
throngli the points qi q^^u 9t gm tr ^•y oi^ ^^^ tangents, 
the traced lines will touch the curve, and intersect the 
tangent next in order, at the distance v q (fig. 40) from 
their respective points of tangency t The traces of 
these lines determine directly the points of intersection 
q q q^ <!bc., alluded to ; and the point of bisection of the 
line q q determines t, the trace of the curve at that part. 

In this mode of tracing the circular curve, the line com- 
posed of the tangent both ways (qt-^-tq) is constant, 
and so the measurements of and in these lines for the de- 
termination of the points 1 1, &c., will detect any line in- 
accurately traced or incorrectly determined. This en- 
sures the correct trace of the curve on its first setting out. 

If the distance qv^ ( =«) = (cosec J — 1) r be laid down 
in a line bisecting the angle made by the tangents at q, &c., 
other points will be accurately determined in the curve.* 

5. By combining angular and Unear measurements, 
circular curves may be traced as follows : — 

It has been already shown (p. Ill) that the angles at t^, 
the point of tangency, subtended by equal chords ^^c, 
c c', &c., are equal. From this it may be seen that if the 
equal angles be laid off with a theodolite at t^ (fig. 41) 
and the lines traced, the curve points in the traced lines 
will be successively determined by the measurements of 
the successive equal chords, to terminate in the point of 
intersection of the chord and traced line. 

* The author believes this new method to be of great practical value. 
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If ^ be the angle at the centre subtended by taC^ 
then the angle to be laid off from the 
tangent at t^ wiU be m x -j^ f , 7n being a 
whole nnmber. The cnrye cannot be con- 
Tenientlj traced when t^fi exceeds one 
chain in length. In practice it is desir^ 
able to determine the successive cnrve 
points by a whole chain measurement for 
the chord simultaneously with the laying '^^ 
off and trace of the proper angle and line. 
If the radius of the curve be consider- 
able, so that one half the angle subtend- 
ing a chord of one chain shall be so small 
as to render the trace of the line in the 
field unsatisfactory, a larger theodolite 
than is required for the other purposes 
of the survey, and great refinement in 
measuring the chord, would be necessary to meet the 
requirements for the correct trace of the curve. 

6. The curve may be traced through the points of 
intersection of lines containing equal angles from the 
extremities of the chord. In the diagram (fig. 42) 
the corresponding 
lines drawn from the 
extremities of the 
chord tf^ tc make 
equal angles at c</ 
in the same segment. 
Hence c tj^ + c tja 
= cftX-hcV^. Re- 
jecting the angles 
common to both sides 
of this equation, viz., c' t^ t^ and c i^ t^ the remainder 
cf ta c^^c tc d. It may be easily seen that this relation 
obtains for all positions of c and (/, and that as the angle at 
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t^ increaaes, the corresponding angle at tc will decrease 
to an equal extent. The curve maj be traced through, 
the points of intersection of the corresponding lines 
traced with theodolites placed at t^ and t^, at which 
points the proper angles should be laid off. The in- 
crease or diminution in the angles may be by a constant 
or yariable angle, which should have, as abeady stated, 
different signs at the tangent points or extremities of 
the chord. If the difference between the immediate 
successive angles be a constant, the distance between the 
determined points should be found to be also a constant. 
In tracing the line of works on the banks of wide 
rivers, the margins of lakes, and the skirts of dense 
underwood, <fcc., it will sometimes occur that the point 
of intersection of the tangents or traverse lines will be 
inaccessible, so that the necessary measurements made 
from and at this point cannot be directly obtained. In 
these or like cases, which are similar to the class of 
cases for finding inaccessible distances to an inaccessible 
point, the measure of the angle contained by the tan- 
gents, and the determination of the tangent points, may 
be ascertained as follows : — 

Let An, Gn (fig. 43) be the tangents, and n the inac- 
cessible point. Let m he a convenient intermediate 

point in An, and / a 
like point in. Cn, f 
being visible from m. 
The angles Gfm, 
A mf should be mea- 
sured. These angles 
are each equal to the 
sum of the angle n and 
the supplement of the 
other angle. Or, 
A !»/+ Ofm = 2n + n m/+ nfm. 
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Bj dednctiiig tlie latter or known angles from both 
members of this equation, we have — 

(A mf—n mf) + (Gfm — nfm) = 2n, And 

the angle contained by the tangents. At / and m the 
angles GfVj AmV should be laid off, each equal to w, 
and the lines traced to intersect in F, an accessible point. 
In the parallelogram Vfn m, the angles Fand n are equal; 
and the lines m F,/F are equal to fn, mn respectively. 
The lines m F,/F should be measured, and the shorter 
prolonged and made equal to the longer ; or the length 
of the shorter may be taken up in the longer line, so 
that the sides of the parallelogram, having the latter 
determined points, and n opposite angular points, shall 
be equal. In the diagram m F is prolonged to F, 
so that mV=^fV, Then mV^=mn, and the angles 
fnV=smnW. The line wF bisects the angle n and 
the curve between the tangent points. The radius of 
the curve and the angle n being known, the distance 
from n to <a> 4 — ^^^ points of tangency — ^may be com- 
puted by the formula already given (p. 110). If from 
n to, n tc the known equal distances nm,nfhe separately 
deducted, the remainders, rnta^, ft^ maybe laid down 
by measurement, and the points of tangency so deter- 
mined. The diagonal F n may be computed, and also 
nvy the former from the formula wF=mF'2cosiw, 
and the latter from the formula p. 110. From these F v 
may be readily found. At F the angle w F'v (=^n) 
should be laid off and the line traced to v, which should 
be determined by measurement from F. At v^d'd a 
perpendicular to F t;, and tangent to the curve, should 
be traced, and the points dd' determined. It should 
then be found that t^d shall be equal to vd — half .of 
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d! d. This will verify the determination of the points 
dfvd. 

The point v may be also determined by laying off from 
the tangents at t^^tc angles each equal to ^(180— n.), 
and tracing the lines to intersect in v. From this point 
the tangents v d may be traced by laying off the angle 
dvta eqnal to that laid off at t^* The point d may be 
otherwise determined by measurement from m, as an 
ordinary intermediate point in the tangent, if (2 be an 
accessible point. The line t^v ia not shown on the 
diagram. 

Remarks on the TRAcma of CmcuLAB Curyes. 

It may be advisable, before passing from the tracing 
of circular curves, to consider generally the practical 
features of the problem. It is sufficiently ascertained that 
lines may be traced with a theodolite, in correct adjust- 
ment, for very considerable distances — even for several 
miles — ^with a high degree of accuracy. It is equally 
well ascertained that the several numerous operations 
in connection with the measurement of distances with 
the chain, and overcoming obstructions in the field, 
cannot be practically carried out free from error, even 
by the most painstaking surveyors. These errors will 
be of uncertain amount, as they depend on the dis- 
tance to be measured and the difficulties to be overcome. 
Comparing the practical results obtained, it is found 
that the errors occurring in the determination of points 
by measurements with the chain greatly exceed those 
which occur when the points are determined by the in- 
tersection of lines traced with a theodolite. This supe- 
riority by trace is reasonable, as the lines are traced 
without regard to surface irregularities at intermediate 
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points, which irregularities are a serious cause of error 
in making horizontal measurements with the chain. 

It may be readily seen, by a little consideration, that 
the measurement of short distances in traced tangents, 
for the point of tangency at any part of the curve, 
determines the curve at that part more accurately than 
when the determining measurement is made in a line 
making an angle with the tangent. In the former case 
the curve and tangent coincide, without practical or 
appreciable error, for a very appreciable distance from 
the point of tangency, and so the unavoidable error in 
the measurement with the chain does not erroneously 
determine the trace of the curve, the accuracy of which 
depends mainly on the trace of the tangent. In the 
latter case, any error in the measurement of the dis- 
tance, assuming the line to be correctly traced, will 
introduce a corresponding inaccuracy in the trace of the 
curve so determined. It may be seen that this inac- 
curacy in the trace of the curve will be greatest when 
the measured line is perpendicular to the tangent at 
the point ; that it diminishes with the angle made with 
the tangent ; and that it vanishes when the angle 
vanishes, which is the former case. 

It may be observed that the curve will be more 
accurately traced when the determination of the several 
points in it is made independently, and in a manner to 
afford a verification, than when the determination of 
one point is made by measurement from or on lines 
traced through other like determined adjacent points. 

Division of Lands. 

Surveys for the * division of lands,' and surveys for a 
map, &c,, already described, are somewhat differently 
conducted. In the former some of the measurements 
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are determined by computations on a given area or 
qnantiiy, in the latter the measurements are determined 
bj certain lines independently of quantity or content. 

In the ' division of land ' the cases of most frequent 
occurrence will have all the sides of a more or less 
regular polygon given, except one or two indeterminate 
and an undefined adjacent side. In many cases the posi- 
tion of the required side and its abuttal on existing 
detail will be undefined. 

It is not proposed to give an example of each par- 
ticular possible case which may arise (this would be of 
little practical value), but it is proposed to make clear 
the main points to be attended to, leaving it to the 
surveyor to suit the application of what is given below 
to the circumstances in each case. 

In the diagram (fig. 44) the side AC ia given in 
position and magnitude, and the sides AB, CD in 

position only, being indeter- 
minate towards D and B. The 
line B D should be selected, so 
that the area ABDC may be 
approximately equal to the 
given area. This approximate 
parcel should be surveyed and 
its area found. If A represent 
the given area, and a the com- 
puted area of ABDC, then A^a will represent the 

difference between those areas, and 2[ J=j^< 

perpendicular to the vertex of a triangle, whose base shall 
be BD, and area shall be equal to J.— a. In geometry 
it is shown that if through the remote extremity of the 
perpendicular, p, a line be traced parallel to BD, all 
triangles having B D for their base and their vertex in tho 
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parallel line will be equal to one another, and to the 
difference of areas A --a. In the diagram mm will be 
the parallel line wlien A>a, and m/mf the like line 
when A < a. If the perpendicular p be bisected, and a 
parallel line n n traced through the point of bisection, 
it will be the required boundary, if the lines on which 
it abuts be parallel. If it be desirable to incline the 
boundary line so as to make it abut on the adjacent 
boundary lines at B or D, the parallel line n n should 
be bisected. Any line traced through the point of 
bisection to intersect the adjacent parallel, or approxi- 
mately parallel, lines may be selected as the required 
boundary line. A little consideration will make this 
clear. 

If it be required to subdivide, proportionally, a paral- 
lelogram — figure with parallel sides — the division may 
be easily made by dividing a side in the given propor- 
tion, and tracing lines through the points of division 
parallel to the adjacent sides. The areas of the parallelo- 
grams so formed are proportional to their bases or the 
sides in the same line. 

If, however, the outline of the parcel or district be 
irregular, as in many 
cases it will be, the 



Fig. 46. 




division into propor- 
tional parts must be 
determined differently. 
The division may be 
made as follows: — The ^ 
area of the whole parcel or district should be found from 
a survey made for the purpose or otherwise. Let ABCD 
(fig. 45) be the parcel for proportional division, and let 
ah c d be the parts into which it is required to divide 
it. The proportion and number of the parts will depend 
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on circnmstances. For the number of parts given above, 
let the proportion be as follows :— • 

a = 2 parts 
6 = 3 „ 
c = 2-5 „ 
(2=r6 „ 

Total number of parts 9'1. These parts represent 
the area of the parcel ABCD, Let this area be repre- 
sented by A, then the area of the subdivisions will be 

2xA x_3x^ .-2-5^ ^ , , 1-6^ 
9-1 * 9-1 ' 91' 91 

The sum of the computed areas should be equal to A. 

To determine the division a : Let A' be the area of an 

2 X (A "-A') 
approximate parcel amGD^ then 3^— ^ will be the 

difference of areas to be laid off on the line am. From 

these data the boundary line a a should be laid down as 

already directed. 

The parcels bhaa^ cchh should be determined in 

succession in like manner. It should be then found that 

the area of the remainder AB cc shall be equal to 

1*6-4 

. In this manner the proportional areas of a he d 

should be determined and verified. 

This is the general case, of which there may be many 
particular modifications. For instance, it may be re- 
quired that an extremity of the dividing lines shall 
meet. This only requires that the lines selected for the 
approximate areas should be run from, the same point in 
the boundary of the parcel. Other particular cases may 
be based, according to circumstances, on the general 
case just given. 
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Peoportional Division of Land, According to Value. 

For this purpose the yalne of land may be taken as 
comprised of two elements, namely, area and some qnalitj 
or special convenience. The value may be therefore 
expressed as areaxqttaUty, Now, taking the area as 
constant, the value will be proportional to quality ; and 
taking the quality as unvariable, the value will be pro- 
portional to the area. Let A represent the area, and q 
the quality. Then Axq = v the value. And 

A I A' :i q^ : q (for parcels of equal value). This is 
an inverse proportion. 

Let it be required to divide the parcel ABGD accord- 
ing to value (fig. 46) — say, into the same number of parts 
and in the same proportion as given above for area 
only. Li this parcel let there be two qualities, a a', and 
let 8 8 he the quality dividing line. The area of the divi- 
sions of quality should be obtained from a survey. Let a 
and a' represent the area of these divisions, and let the 
values per unit of area be v and t/ respectively. Also, 
let A represent the total area, or area of the parcel, and 
V its value. 



Now -= quality of 
a 

a, and — =q«iality of 



Fig. 46. 




a. 

Taking the first 
proportional division 
Pj, its value will be 

2 V 

g^. To find this value, the areas of the whole approxi- 
mate parcel m'mOB^ and its parts ee\ should be ac- 
curately found. Then — 

-xc=t?c» and — , X c'=v'^. 
o2 
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From tLis we liave — 






2jr 

9-1^ 

In this formula d is the difference of valne between the 
value of P| and that of the approximate part w/inCD, 
The line m mf should be divided in the inverse propor- 

tion of the qualities, viz., — • mnH - I m/n. From « 

a a 

a line n n' should be traced towards the value dividing 

2 d 
line 8 8. The perpendicular ; should be laid down 

mm' 
from m w', and through its outer extremity a line should 
be traced parallel to the line selected for the approximate 
parcel. Let n' be the point in which the parallel line in- 
tersects 8 8, Lines traced from n' to fit' and m will be 
the required boundary lines for the parcel P| of the value 
2V 
M* 

If the difference of the qualities be considerable, or the 
point n be not near to ihe line «, it will be preferable 
to divide d in the inverse proportion of the parts of m m' 
on the opposite . sides of 8 (fig. 47). For this division 
of d, we have the corresponding areas on 

the opposite sides of .5, — = <?!, and -^ssc/. 

C C ' ' 

Hence — ^ , — f— wiU be the required per- 
m8 m! 8 




pendiculars. The boundary lines laid down 
to these perpendiculars, so as to have a 
common line in ^, will be mww-'m'. This 
"^ may happen to be an irregular and unde- 
sirable boundary line if n and n' do not coincide. To 
make it regular, the line m n should be bisected in f, 
and n' t traced to /, as already explained. Then m' »' i' 
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will be the required boundary for the given value of P,. 
The other proportional parcels may be laid off in like 
manner. 

RBCONNOITBINa SUBVBYS. 

Reconnoitring snrvejs are required for many en- 
gineering and other purposes, for which it may be 
desirable to investigate the natural features of an exten- 
sive distiict or range of country, as for some colonial 
purposes. The positions determined in reconnoitring 
surveys are only approximate ; and from the manner of 
proceeding, which shall be presently described, the map- 
ping of the district may be completed in a comparatively 
short space of time. 

In schemes for reaching and exploring the interior 
districts of an unfrequented country, or for determining 
the range, features, &c., of a country for settlement, aud 
for many other colonial purposes, a reconnoitring survey 
is indispensable. The features in such service should 
embrace the physical structure or surface configura- 
tion, the subsurface or geological structure, the vege- 
table kingdom, animal life, and the distribution of rivers, 
streams, &c., &c. The illness of the required detail 
will depend on the objects for which the service shall 
be undertaken, the limitation in respect of the scope 
of the survey. For some general surveys the water- 
shed Hues and their corresponding rivers and tribu- 
taries, stiff or shelving ranges, low grounds, lines of 
particular vegetation, lakes, rivers, springs, practicable 
roads, divides, passes, and general geological structure 
when exhibited in the sketching by etching and colours^ 
may suffice for map details. 

Rapidity of execution will be a primary consideration 
in the field. The instruments for making the determi- 
nations should be very portable, such as a prismatic 
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compass or box-sextant for measuring angles, a well- 
appointed monntain barometer for estimating altitudes, 
field telescopes, &o. The instmments for tbe map roller 
and sketch-case shonld be scales, station pointer protrac- 
tors, small parallel roler, Ac,; a supply of tracing paper, 
transfer paper, superior tissue paper, and a supply of 
light, strong, well-finished drawing-paper, together with 
hard and soft indelible pencils, tissue paper note-books, 
with transfer paper and ass-skin sheets penknives, &c. 

In this, as in other surveys, it is desirable to obtain a 
verification of the position of points determined inde- 
pendently. For this and other purposes, as well as to 
facilitate a close approximation to accuracy, rapidity of 
execution, and a diminution of the necessary labour, it 
is recommended that the survey of any considerable ex- 
tent of country be made by, at least, two survey parties 
at the same time. 

After the scale of the map is determined on, the first 
consideration in the field is the determination of the 
length of a suitable base line. This cannot be con- 
veniently obtained by measurement with the chain, but 
it may be conveniently obtained in remote country with 
sufficient accuracy by attaching on the saddle post a reel 
of cotton thread, say ten miles in length. The free 
end of this thread should be fixed at one end of the hose 
litie, at which both surveyors should measure angles to 
well-defined feature points. The surveyor measuring 
the base line should ride in the selected straight line 
until he arrives at the other end of the b^e line, when 
the whole of the thread shall be paid out. At this point 
angles should be also measured to the same well- 
defined feature points, and to other like points. The 
points so determined by both surveyors should be laid 
down on their maps. This is the extent of the surveyors' 
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labours in common — ^the one, suitably provided with 
pack horses, and attended by assistants (and goides 
if practicable), taking to the high grounds; and the 
other, alike appointed, provided, and attended, taking to 
the low lying part of the district. 

The surveyor on the plain should determine generally 
the course of rivers and their points of junction, the geo- 
logical features, &c. The surveyor on the high ground 
will not require the use of canoes or bags for compressed 
air, supplied to the party on the plain. He will require 
other means of transport, to enable him to convey the 
mountain barometer for estimating the altitudes of 
passes, fords, divides, Sdc, 

It win mainly depend on the arrangement of the 
features, the points at which the low-groxmd and high- 
ground survey parties may meet in the passage of the 
latter party from one side to the other of the valley of a 
stiflT district. The surveyors should provide for meeting 
at these points, to obtain information, exchange sketches 
and notes, and arrange for the next point of meeting. 

The well-defined feature points selected in the pro- 
gress of the survey as the chief angular points of the 
geometrical construction, should be determined by the 
intersection of at least three lines, which should make 
angles not less than 80**. The distance from one such 
point to another should not exceed ten to twelve miles if 
practicable. From this it will be seen that the construc- 
tion lines for the map will be the sides of triangles, 
through which a traverse of the surveyor's line of travel 
will run. 

At about the distance of sixty to one hundred miles 
from a hose Une, another hose Une should be measured in 
like manner, to verify results, and give an additional 
element of accuracy to the map. All notes not transfer- 
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able at onoe to the map shonld be entered in duplicate 
for exchange with the companion surveyor at the next 
point of meeting, or the next point of intersection of the 
snryejors' lines of traveL 

Colonial Surveys. 

The goYemor, officer, or minister of lands shonld be 
in possession of a good skeleton map of the colony, pre- 
yionsly obtained by reconnoitring survey parties, and 
the notes and reports taken and furnished by the survey 
party, and other authentic information, before proceed- 
ing to the consideration of the extension of the Intake 
of Land for Gokmal Settlement The officer, after 
sufficiently informing himself of the general features of 
the locality, should arrange the general features of the 
disposition of the new allotments, and draw up instruc- 
tions to the topographical engineer in chief. These in- 
structions should be accompanied with snch informatiou, 
relating to the locality for survey, as may be available. 

The instructions, so far as topography shall be con- 
cerned, should require : — 

I. That all measurements made in the field shall be 
redeterminable, at any subsequent time, by a sur- 
veyor of average skill and ability, from the field- 
book and permanent field marks. 

n. That important reference points be clearly and 
permanently marked, and fully described by 
sketches and measurements of lines or angles. 

IIL That the principal permanently marked local 
points be observable from at least three trig^ 
points, to be particularly described. 

ly. That in each lot, or plot, there shall be at least 
three such reference points in suitable localities, 
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and that all of these points, not trig, points, shall 
be referred to trig, points particnlarlj described 
hy angles, &c. 

y. That all measurements with the chain be made to 
the horizontal. 

YI. And that daily meteorological observations be 
nmde, and a journal kept duriog the service, 
which should contain the daily reading of baro- 
meter, thermometer, rain-gauge, and wind-motor. 

Farther, the topographical engineer-in-chief should be 
required to furnish the following documents as a return 
to these instructions : — 

a. A section of the course of rivers surveyed, referred 
to the same datum, showing banks, water, and 
bottom traces; and showing also, by suitable 
figured indications, the velocity of the current 
and the computed volume or flow. 

h. A longitudinal section of the lands reserved for 
public ways. 

c. A geographical index map, lightly hill shaded, 

showing the outlines of district surveyed for 
allotment, public ways, reservations, water- 
courses, and trig, points — to a scale (say) 1 in 
10,000. 

d. A parcel, or reference allotment, map, showing by 

colours reservations for public ways and cha- 
racter of vegetation ; also rivers (referenced for 
sections), and the surface features, if bold or re- 
markable — ^to a scale (say) 1 in 4,000. 

e. Two copies of a map of each parcel or allotment 

plot, showing fully the details, and the lines and 

reference measurements for laying down the map 

and refinding the reference points — ^to a scale of 

(say) 1 in 2,000. 

g3 
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/ Two perfect oofMCB mild the original fidd4ioQik8 of the 
sumj ^MnJMnmg the entiiBB of the memsoie- 
ments from whidi the maps were laid down, and 
the books of cu mputa tian fat asoertamiiig the 
lengths of HneSy areas of parcels^ Ac. 

g. A plot of princqMd refiarenoe fines (two ocifaes) dis- 
tmgnishing triangles^ and giTing the ugnlar 
measmements for the permanently matked refer- 
ence and trig, points ; also ».plot of the reference 
lines of each triangle (two copies). These plots 
should be laid down to a conTenient scale. 

h. A detailed report of the serrice, men and means, 
meteorological observatianSy depths and general 
qualities of the soil, geological stmctare, pecn- 
fiaritieSy &c., Ac 

The topogn4>hical engineer charged with making the 
retom to the instmctionB, should first direct his atten- 
tion to the selection of trig, points for a primary trian- 
gnlation of the district. The selection of these points 
win allow the staff for the surrey to be told off to the 
preliminary labours of the service. 

At each primary trig, point a large flat stone, or levelled 
rock, should be prepared and permanently erected, about 
two to three feet below the sur&ce of the ground, and 
into the middle of this stone a brass or copper batt bolt 
should be securely let, on which to mark the trig, point. 
Simultaneously with this erection, that of an elevated 
conical hut, having the trig, point in its axis, should be 
proceeded with, to serve as a conspicuous object for obser- 
vation, and a place of refuge and security for the men and 
instruments. The hut should be supported on poles, with 
its floor about twelve feet from the ground. The sides of 
the hut should be double sheeted with boards for the 
first ten feet ; above that, a single sheeting of boards 
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>rDAj suffice. The height of the apex of the cone above 
the gromid will depend on local circnmstances. The top 
or apex should be fximished with a suitable contiiyance 
for exhibiting a magnesinm, lime, or other light when 
desirable. The primary trig, point objects should be 
completed with the utmost despatch, and a reconnoitring 
survey made for the sites of the trig, points for the second- 
ary triangulation, and also for the selection of a suitable 
hose Ime, or ' combined measured bases.' Simultaneous 
with this survey of the surface con%uration, the erec- 
tion of the trig, point objects for the secondary tri- 
angulation, and the measurement of the angles of the 
primary and secondary triangulations (which may be 
taken up by separate parties), a contour survey* should 
be made of the vicinity of each primary trig, point, to a 
distance of half a mile, or to a decrease in elevation of 
about two hundred feet. This will give a full description 
of the position of the primary trig, point. The contoxir 
planes may be about three feet apart. 

In the lines of the primary and other triangles, and 
distant from a primary trig, point as far as may be within 
their contour district, a suitable permanent object should 
be erected below the surface of the ground, and a brass 
bolt, similar to those for marking the trig, points, let 
into it. On the top of this bolt, made flush with the 
levelled surface of the permanent object, the side of 
the triangle should be accurately traced, and finely but 
deeply marked. To each line so marked the initial 
character of its trig, points should be stamped on the 
bolts, and also the corresponding corrected reading for 
an average arc. These points, after being so marked, 
should be carefully covered over, to preserve them from 

* See * Contour Surreying.* 
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injorj. The line points preseire on the field the infor- 
mation for refinding, or restoring, the primary points 
from one another ; and also famish data for restoring, 
or refinding, the seoondaiy trig, points from the field- 
hook of angles. 

In this, as in all trigonometrical surreys, the site of 
the haae Une, or comhined mecbswred haseSf should be as 
near as may be in the vicinity of the centre of gravity 
of the district ; except for some special convenience, it 
may be deemed advisable to select it near the outer 
part. The survey party may take up the measurement 
of the hose line immediately on its being selected, so 
that its correct length may be ascertained in time to 
allow the computation of the sides of the triangles to be 
taken up on the completion of the measurement of the 
angles for connecting the extremities of the base line 
with the other trig, points. On the length of the lines 
of the secondary triangulation being computed, and a 
plot of the lines laid down on paper, the detail surveyors 
may be told off for progress in the field. 

It will depend on the 'instructions' to the topo- 
graphical engineer-in-chief — ^the character and extent of 
the sur&ce obstructions — the particular class of survey 
to be adopted for the parcel details. In heavy wooded 
country, a traverse survey will generally be preferred ; 
whilst in close wood a trig, survey of detail points and 
intermediate traverse will give the required data with 
sufficient accuracy and in a short period of time. In 
open country, and wherever practicable, the detail trian- 
gulation is preferable to the traverse, even when refer- 
enced to the trig, points of a trigonometrical survey. In 
these surveys the angles should be measured with the 
theodolite and a large prismatic compass (mounted), so as 
to obtain an indication of the local magnetic influence, 
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if any. This data will be available for laying down the 
lines and measurements with the aid of either angular 
instrument. The meridian line should be determined at 
some of the primary trig, points, and by angles con- 
nected with, the other trig, points. In the trayerse, the 
meridian line and zero diameter of the theodolite should 
coincide. 

The point of intersection of the sides of triangles 
with traverse detaQ reference lines should be per- 
manently marked, and the contained angles measured 
at these points. In addition to the mark at the point 
of crossing, a second mark should be made in the trig, 
line, at a measured distance from the mark at the point 
of intersection, to enable a surveyor to take up the 
retrace of the lines at the part. The reference point of 
a split line sbould be marked in like manner. 

The latitude and longitude of the several trig, points 
should be computed from the origin of the axis of co- 
ordinates, coinciding with one of the primary trig, 
points. Over the origin of co-ordinates, a suitable per- 
manent supersur£a<ce object should be erected. All the 
other trig, points should be marked above the surface 
by piles of earth, stone, &c., to assist in the subse- 
quent ready identification of the trig, point. 

At least one copy of each map, section, diagram, or 
document should be made in the outlying district, and 
also verified copies of each original document, note- 
books, &c. These documents should be preserved with 
care ; copy extracts only should be furnished to the 
surveyors in the field. All secondary documents (or 
traces of them), such as maps and sections, &c., should be 
examined on the ground, and corrections investigated and 
made before the final drawing of the map shaU be made. 

The minister or officer of lands, on receiving the 
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return of the engineer-in-cliief, together with an index 
register, should have a proper register made of all the 
documents retomed to him. These documents should 
be secured against accident by depositing a certified 
copy of each in a suitable place or places for pubHo 
purposes. 

The conveyance of an allotment or parcel to a pur- 
chaser should recite and include a copy of the maps, 
measurements, and other parcel documents, certified 
copies of which should pass to the purchaser, as the 
description of the grounds. By this means the pur- 
chaser may be put into formal possession without going 
on the grounds, and restrained in case of encroachment 
on the surrounding parcels or public reservations. The 
documents so to pass would Aimish, ever after, a com- 
plete description and the means of identification of the 
parcel or plot conveyed. 

Intake op Land foe Railways, etc. 

After determining the ' centre line * levels, and extent 
of works, it is necessary to make a survey of the ' intake 
of land ' required for the purpose of the railway, Ac, <fec. 
In the field operations for the 'working section,* the 
centre line should be X>egged at measured points, usually 
about sixty-six to one hundred feet apart. These peg 
points are taken up in the levelling of the centre line, and 
are shown as level points on the working section ; their 
reduced levels should be inserted in the proper column 
on the field-book of levels. The section should show the 
extent of works, or the grade lines for the earthworks, 
and also the reduced level for the grade line, at each peg 
point. The inclination of the side slopes should be also 
shown. This information should be in the hands of the 
surveyor making the survey for mtahe, and also a working 



mTAEE OF LAND FOB BAILWATS, ETO. 185 



plan showing the pegged centre line, intersected detail, 
&o. The surveyor should take levels, and other mea- 
surements, in a transverse line at each peg, to determine 
the surface inclination and limits of intake. 

These measurements may be made, and the half-widths 
from centre line computed, and laid down as follows : — 

Let m mf (fig. 48) represent the sur&ce line on cross 
section (determined 



.Tilling 



by the surveyor in the 
field); h the centre 
line at level point; 
h n the depth of cut- 
ting, or height of fill- 
ing, as the case may 
he;nh half the width 
at grade level m h side 
slope, produced to in- 
tersect the vertical of 
h in c. 

The level of a point 
d in the transverse line 
hd should be found, 
and the distance of the point from h measured. Now, if 
there be no difference of level between the points h and d, 

he 
as in (l), we have — x n & = hm. the sur&ce half- width 

to side slope. If, however, there be a difference of level 
between the points h and d, such as ^ A (2), the sur^Eice 
half- widths will not be equal. These may be found as 
follows : — 

The surface distance A i, and the corresponding vertical 
height th, are given. Then dt-= (dh^ -^h <*)*. By taking 
dt BS s, half- width on the level, the corresponding depth 
trio intersection of side slope may be found from the 
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n c 
fonnula -jx,dt =s tr. From this h r maj be readily 

found ; and from the similar triangles hrd^ hcm^ the 
snr&ce distance h m may be found from the proportion 
rh I hd II ch I km. In like manner, the snr&ce half- 
width h tnf may be found. 

If the inclination of the surface line of half- width be 
not the same as in (s), the side right-angled triangle 
htd should be found as above, and the surface line hmf 

measured. Then hv = — =-= — , and vrnf = r-j— . 

hd hd 

From these vr may be computed as above, and re 
(ssm'n) readily found. Now m' may be treated as a 
centre line point for a depth m' x. The triangle w! i d' 
and the depth t' z should be found in the same manner 
as the triangle A. ^ (2 and depth v r were found. Then 
m' m should be ascertained for the depth m/ Xj as ex- 
plained in the second case. The surface half-width 
(h m' + mf m) should be ascertained in this manner. 
The model scale (illust. 82) may be, in many cases, con- 
veniently used for this purpose. 

To the surface half- widths, ascertained as above ex- 
plained, the widths for fences, drains, d;c., should be 
added to find the extreme half- width, terminating in the 
boundary line of the intake. The results thus arrived at 
do not, however, hold good on sidelong ground when the 
surface inclination varies on the consecutive cross-sec- 
tions, at peg points on the centre line. To bring out 
strictly correct results the transverse half- width section 
line should be selected according to the surface configur- 
ation, and not arbitrarily at peg points. It will appear, 
on a little consideration, that on sidelong ground the half- 
widths for opposite sides of the centre line should not be 
referenced to the same point in that line. The trans- 
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Terse lines for the half- widths will be most convenientlj 
measnred in yertical planes, perpendicnlars to the ver- 
tical plane of the centre line at the reference point. In 
these determinations of the half- widths it should be 
found that the straight line joining the outer extremities 
of each consecutive pair of half- widths laid down shall be 
a straight line in the surface of the ground. 

A much more exact mode of laying down the bounda- 
ries of intakes for railway or like purposes wiU be ex- 
plained in connection with * intakes/ Chap. YII. 

The part of the areas of the several parcels included 
in the intake may be computed separately from surveys, 
and the results verified by taking the sum of the pro- 
ducts of the successive mean half- widths, multiplied into 
their respective peg distances, or otherwise, by the Simp- 
sonian rule. 

SUBVETTNa SUBMEBGED DiSTBICTS. 

When it may be desirable, for engineering or other 
purposes, to ascertain the surface configuration of a 
submerged district, such as a river bed, the bottom or 
bed of a lake, estuary, bay, &c., a hydrographical survey 
should be made in such manner as wiU furnish data for 
the representation of the features on a map. A pre- 
liminary or base map of the water margins and adjacent 
dry ground, if one already made be not procurable, should 
be made from a proper survey of the dry ground district. 
The prominent features and well defined surface objects 
should be clearly shown on this map. As the surface of the 
bottom is not generally visible, its configuration must be 
ascertained by referring numerous points in it to a known 
plane, such as the surface of still water. J£ the water 
BurfiEtce be inclined, or not steady at the same level, as in 
a river with an appreciable current, or a tideway where 
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the surfiftoe flactoateB rapidly through a consider- 
able range at the same point, the inclination of the river 
water snr&ce shonld be obtained by leyelling, and the 
fluctuations dne to tide flow by observations on a tidal 
gauge erected, for the purpose, at suitable places. 

The depth of the water from surfieu^ to bottom is 
generally obtained with a wire, or cord, weighted at the 
lower end. This is usually caUed a * sounding lead and 
line,' and the point a ' sounded point.' The depth is 
called the ' sounding' of the point. 

The bottom of the 4ead' is generally made concave, and 
filled with some stiff, sticky, and greasy substance, for 
taking up loose matter at the bottom, such as sand, &c. 
If the depth be less than 100 feet it is preferable to use 
a wire chain, or steel tape line, as a hempen cord 
varies its length with the degree of saturation. 

The horizontal position of the sounded point may be 
determined from land or on water. If from land, it 
will be found convenient to observe simultaneously at 
two distant known points on land the surveyor's signal 
flag. The contained angle at the sounded point should 
not be less than 30^. The position may, however, be 
more conveniently determined by measuring with the 
sextant at the sounded point the angles to three known 
land objects, or it may be determined, though less accu- 
rately, by measuring the magnetic angles of the lines to 
two or more well defined land objects intersecting in 
the sounded point 

If the position of two remote sounded points be found 
by any of the methods just alluded to, the position of 
intermediate points in the straight line may be found by 
computation on the lapse of time from starting at an 
extreme or other point to the arrival at the next inter- 
mediate or the other extreme point— the rate of travel 
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or speed being iiniform throiighout. The times, depths, 
and angles shonld be entered on the field-book with the 
greatest practicable despatch. The time for each 'hound- 
ing' is not required where the level of the water does 
not fluctuate. In reading ihe depths or soundings, if 
the surfiu^ of the water be agitated by waves, the range 
of the wave should be observed, and ' half- wave ' noted 
for the sounding at the pomt.* 

* It may be seen that the soanded point on the bottom is taken 
at random, and hence the donbts which attach to the representation 
of features obtained, without continuity, by these isolated points. To 
lessen the extent of doubtful representation, a great many points are 
sounded, which turn out to be afterwards useless for the purpose of 
the survey. . In many instances, and from different causes, it will be 
impracticable to obtain the soundings and position of a sufficient 
number of isolated points to give a satisfactory knowledge of the fea- 
tures, even by considerable mental calculation. The same difficulty 
would be experienced by finding the level of dry land surface isolated 
points at random, which would give a very imperfect representation 
of the surface configuration. The superiority of contour maps for 
representing the features of the sur£eu» configuration is very decided*, 
as compared with the representations of surface configuration by iso- 
lated soundings, or by a vertical section, along a particular line. The 
representations of the surface line on a vertical section is a more 
striking expression of features than figured dimensions to isolated 
points on the plan. For hydrographical purposes it would be 
difficult to make a contour survey of the bottom of a submerged 
district. To obtain a profile or vertical section is, however, a 
matter of little difficulty. In submerged districts with tolerably 
even bottoms, unencumbered with heavy marine vegetation, the sec- 
tion may be obtained with great expedition by a simple mechanical 
oontrirance. The following description will make dear the features 
of the contrivance, and the mode of obtaining sections with it:— In 
the illostration (fig. 40), £ is a small boat, and A a laiger one. Into 
the bottom of the boat B is inserted a slot-box, coming above the 
water line, and open at both ends. £ is a metal roller, with its 
axle projecting at both ends. Two forked nail-rod iron pulls fits on 
to this £ude. The one is attached to a wire (m), a loop on which fits 
on to a hook in the stem of the boat A ; the other forked wire-pull is 
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In districts where the leyel of the water fluctuates, 
two or more tidal gauges should he erected at suitahle 

attached to a fine brass wire (»), which passes over and ronnd a 
sheave placed over the slot-box in B, and drawn by a weight over a 
pulley, so as to keep the wire straight between B and B, On the 
outer end of the axle of B is placed a small sheave, and a similar, 
but larger, one is placed on the end of a roller axle in the boat B. 
An endless wire (to) is made to pass round tlie large sheave in B^ a 
block pulley, drawn by a weight over a fixed pulley in A, and round 
the sheave on the axle of B, A roll of paper is placed on a small 
roller, with a friction strap, in B^ and drawn on to the axial roller of 

Fig. 49. 
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the to wire large sheave by the motion communicated through the 
endless wire, or small steel band, from the boat A and the roller B» 
On the axle of the sheave, for the wire n, is made a hunting screw, 
and on this is placed a corresponding nut, which carries a pencil 
tracing-point so adjusted as to make a trace on the moving paper, 
which should be suitably supported between the rollers. The tow- 
ing-lipe {8) is attached to A, and worked by a winch handle in 
Bf to adjust the distance A B, bo that the wire n {B B) may be 
verticaL 

Now, in rowing forward the boat A, the roller B will revolve, and 
give motion to the endless wire, or steel band (io), which, in passing 
over the sheave in B, will draw off the paper, and thus communicate 
to this tracing surface a corresponding motion, independently of 
time. The tracing-point attached to the nut on the axle of the n 
wire sheave will have a motion proportional to the depth, or length 
of wire passed over. As the tracing-point and paper are in contact, 
and have their lines of motions at right angles to one another, the 
combined motions communicated, as described above, will give on 
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points, and their zeros set to the same level by levelling 
on land with a level, as already explained. If this be in- 
convenient, and the gauges free from river influences at 
low water, the zeros of the graduated surflEU^es should be 
set to a few feet below this level. 

In situations where it may be inconvenient to erect a 
stake on which to fix the graduated tidal gauge, a gauging 
of the rise and fall of the water surface may be obtained 
by mooring a boat to three anchors, with the attach- 
ments so arranged as to enable the keeper of the register 
to keep the boat over a particular spot. The depths 
may be read on a steel tape attached to a heavy weight 
deposited on the bottom held vertically under the stem 
of the boat. In thi» case the zero of the scale should be 
the bottom end of the tape line. 

During the time the survey operations are going on, 
the height of the rise and fall of the tide and the surface 
agitations should be observed on these gauges for short 
and equal successive intervals of time. The heights, 
fluctuations, and times should be entered on a register 
diary kept for the purpose. The entries on the register 
should be reduced to low water, by taking the reading 
for the latter from the mean reading of surface agitation, 
or crest and hollow of wave, for each registered time. 
The surveyor, furnished with the times on the register 

the paper a profile or section of the bottom. The scales are 
easily found from the ratios of the gearing trains. The section may 
be taken in the night or day time. 

[The apparatus described above may be obviotisly improved in 
some respects. With or without the apparatus, the matter is sub- 
mitted to the consideration of others, as a suggestion well worthy of 
the attention of gentlemen interested in hydrographical surveys. 
The success which has attended the use of the apparatus described 
above — in a favourable district, however — ^points to itB great prac- 
tical utility in surveys for many pnipoees.] 
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and the corresponding heights of the tide, should find 
from these, by proportionality, the height corresponding 
to the time of each sonnding. The timepieces of the 
snryeyor and registrar should be frequently compared, 
and their goings entered, for the time, on the tidal 
gauge register. 

The following form of field-book will be found con- 
venient for most hydrographical surveys, in which the 
soundings shall be taken with a ' lead ' and ' line ' : — 
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Tidal Cuerents. 
In connection with the data obtained by soundings 
and the measurements described in the foregoing pages, 
it is sometimes desirable, especially for engineering 
purposes, to obtain a knowledge of the currents, their 
direction and velocity. For currents with a velocity of 
three feet per second or upwards, the current metre 

* The entries, &c., in heaTy type are obtained by reduction from 
the suryey notes. 
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vane and compass card may be used. In cnrrents with 
a lower velocity than abont three feet per second, it will 
be fonnd necessary to nse a sensitive thongh less con- 
venient indicator than that allnded to above. The sub- 
stitute for the current metre, atd which has found most 
favour, is shown in the illustration (fig. 50). A shows 
the axis of the 'metre bar inclined, under the action of a 
current indicated by the arrow. 
At B the metre is shown in still ^'^' ^^' 

water, the axis being vertical. 
The float is hollow for the lower 
semisphere, the sunk globe or 

cylinder being connected with 

the float by a cylindrical rod* ZX ^^-JHtl .Q f: 

The upper part of the float globe 

should be made water-tight, partly filled with water, and 
covered with a scribed glass dome. When there is no cur- 
rent acting, as at B, the fine scale circles on the glass 
should be parallel to the enclosed water margin. When 
there is a current acting, as at Aj these lines will be 
inclined to the enclosed water margin. The number of 
equidistant parallel circles intersected by the enclosed 
water margin will show the inclination of the connecting 
rod, and the corresponding velocity of the current. The 
circles may be made to express the velocity, which in this 
case may be read and noted directly, without interfering 
with the metre or taking it out of the water. 

K floats be followed during a tide flow, and if their 
scribed domes and courses be observed at given times, 
the velocity and direction of the current throughout the 
tide flow may be found from the data obtained. And if 
metre floats be placed in the current at the same place 
and observed as above, the like velocity and direction 
at the place will be obtained. 
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CHAPTBB V. 

PiBTICULAS SUBTST8 — ^LKYlLLIirO. 

LsYELLmo mskj be defined to be the art of measnrmg 
the difference of altitade between different points on 
the sorfacQ of the earth. When the points are on the 
same level there will be no difference of altitade. As 
allnsions to, and the consideration of^ level lines will 
appear frequent in what follows, it may be as well to 
define fnllj, at the outset, what a level line reallj is. A 
level line is a perpendwular to the resttUant of centrifugal 
force and the direction of gravity. From this it may be 
seen that lines in a spherical surfisu^, having its centre 
that of the earth, are, for all practical purposes, level 
lines. The surface of still water is a level surface, and 
points in it are on the same level ; a line in this surface is, 
therefore, a level line. 

That level line which shall be in the intersection of a 
particular spherical surface, and the vertical surfaces in 
which the surface trace of a line of section shall be, is 
called the datum line. The altitudes of points on the 
sur^Ebce — ^the heights in the vertical surface of the line of 
section — ^have their zero in this line. The operations of 
levelling are conducted on the surface. The relative alti- 
tudes obtained should be combined with an initial datum 
distance (datum altitude), to obtain the datum distances 
for the several ' levelled ' points on the sur&ce. These 
reduced distances are usually entered on the ' level fieldr 
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book* in the colamn headed 'Reduced Levels.'* The 
datum line is usually selected so that the reduced alti- 
tudes shall be all positive, or, in other words, the altitude 
points all above it. This is convenient, but not abso- 
lutely necessary, as the datum line may bo above all 
the altitude points, above some of those points only, or 
below all of them. 

Levelling may be conducted in at least two ways : by 
the direct measurement of vertical heights — altitudes — 
and by the measurement of inclined lines and their 
angles of inclination. From this it may be seen that a 
levelling instrument, to aid in the measurement of 
altitudes by the latter mode, should have a graduated 
vertical limb, on which to measure the angles of in- 
clination to the horizontal or level plane ; and that in 
a levelling instrument for the finding of altitudes by the 
former mode, the requirements are reduced to the simple 
tracing of a level line. The best instruments available 
for those purposes are the theodolite and spirit level — 
* the level.' 

The reader who is not acquainted with the construc- 
tion and adjustment of these instruments should make 
himself folly understand what is given in Chap. VIII. 
before reading the following explanations of the art of 
levelling. 

The practical object of levelling, in most cases, is to 
ascertain by measurements the features or surface con- 
figuration of a district. For this purpose measurements 
both in horizontal (level) and vertical lines are necessary. 
If the measurements be restricted to a single surface line, 

* The expresfliona ' levelled ' or * level ' point, and ' reduced levels/ 
are generally, but incorrectly, used instead of the altitude point and 
reduced altitudes. 
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the features may be shown on a plane surface correspond- 
ing to the vertical surface in which the line is. This repre- 
sentation of features is called a * section,' and sometimes 
a ' vertical section.' On this section, or representation, it 
is necessary to show the daitum Ime, which line may he 
selected at anv convenient distance from the centre of 
the earth, as already stated. If, however, the district, 
the features of which are required, be of sensible lateral 
width, of greater or lesser extent, the datum for altitude 
will be a corresponding spherical surface. In this case 
the features cannot be fully shown on a vertical section. 
The most expressive and convenient representation of 
the features of a surface will be hereafter described in 
' contour surveys ' (page 165). 

The horizontal plane of a particular point touches the 
spherical (level) surface of the point at that point only. 
Hence, horizontal lines are not level lines except at the 
point of tangency with the spherical (level) lines. The 
line of collimation of a levelling instrument, when ad- 
justed in the horizontal plane, is, therefore, not a level 
line. The trace of the line of collimation on remote 
objects is, however, by reason of atmospheric refraction, 
not strictly in the horizontal plane, but for distances in 
the horizontal of about 15 chains the density of the atmo- 
sphere will not sensibly vary, and hence the trace of the 
line of collimation to that distance may be, for all 
practical purposes, regarded, without appreciable error, 
as iu the horizontal plane. And the line of coUimation 
may be, therefore, regarded as a horizontal straight line 
touching the spherical or level line at the instrument. 
The deviation of the level from the horizontal line is, 
in levelling, the error due to the earth's sphericity. This 
should be deducted from the observed reading on a level 
staff to obtain the reading for the corresponding spherical 
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or level line. The errors due to the earth's sphericity 
at 'different distances may be found as follows : — 

Let (fig. 51) represent the centre of the earth, H 
the observer's station on the surface, HL ^. , 
the horizontal distance, L I the staff. L is 
the point read from, H and I the true level 
point, L Z is the error due to curvature. H I 
should be found by measurement. Then, 
from geometry (2Ho -h LI) Ll^LH^' 
Taking the actual products, and rejecting 
2i Z^ as insignificant, we shall have, without appreciable 

ejTOT,2HoxLl = LE^, andX^ = ^^ 

In this formula we have L I proportional to LH*. To 
find the relation between these lines in a particular case, 
the diameter of the earth (2 H o) may be taken at 7,916 
miles, and if ^L be equal to one mile, we have by sub- 
stitution LI = 79^7* Expressing LH in feet, this be- 
comes L Z = jUi ( = f nearly). Then, to find the error 
due to the earth's sphericity for any other distance (eZ) 
expressed in miles, we have the corresponding error, 
L'Z' = d« X f feet. 

In levelling with a theodolite, the angle of elevation 
A' HL (fig. 52) should be measured by pig. 52. 
observing the point A, and reading the 
vertical angle. HL should be found by 
measurement. This data contains two 
errors, which must be removed to obtain 
A Z, the true difference of level. First, 
the ray coinciding with the line of coUi- 
mation suffers appreciable atmospheric 
refraction, and lies along a curve, as shown in the figore. 
The tangent HA' to this curve at ^ is the true line of 
collimation. Hence the vertical angle is too great by 

h2 
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the angle A HA\* This is the error due to refraction, 
which mnst be removed to find the true angle of eleva- 
tion AHL (= ^). The error AHA' wiU be +, ac- 
cording as the angle -^ is below or above the horizon 
of H. Then, fix)m trigonometry, HL tan •©- ^ J. L, and 

from above, Ll= ^ „ . Combining these we have 

2Ho 

AL + Ll (=Al)=i(taxi ^ +^^) Jffi, the true al- 

titude of A above H. 

The angle H is only approximate, as the correction 
for refraction on the measured angle, for the fraction of 
the ray line near the earth's surface, which is the part 
used in these cases, cannot be accurately estimated. 
From this it may be seen that when a high degree of 
accuracy is required, the theodolite, as an angular in- 
strument, is inferior to the level for levelling purposes. 

If, however, the relative altitudes of two points equi- 
distant from the station of the instrument be required, 
the difference in altitude will be truly found, inde- 
pendently of corrections for curvature or refraction, or 
like errors in the particular measurements.')' 

In levelling, the errors liable to be faUen into, inde- 
pendently of those already explained, and which may 



* See Appendix, ' Table of Re£racti(»i.' 

t If the distance HL be considerable— say 2,000 feet — and if I 
be a point on the still water surface of a lake, the error due to 
curvature may be computed, as already explained. If the instru- 
ment be in perfect a<^u8tment, the difference between the true, or 
computed, and observed curvature will be the horizontal refraction 
between the points. The refraction varies at the same place, and 
with the angle of elevation being greatest at the horizon and vanish- 
ing at the zenith. It is so much less, for the short distances adopted 
in most levelling operations, than other unavoidable errors, that it 
may.be altogether disregarded. 
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sometimeB embarrass the engineer, may be classed as 
follows : — 

I. Errors dne to the level staffnot being tmlj vertical. 

n. Errors due to inexaet adjustments in the field or 
imperfection in the constmction of the levelling instru- 
ment, yielding ground, &c. 

m. Errors due to a careless reading of the staff, or 
an inaccurate estimate for the subdivision of the gradua- 
tions. 

It may be observed in respect to these errors, that for 
equal distances the error due to imperfection of adjust- 
ment or construction of the level compensate, and do 
not appear in the results. For unequal distances the 
error will be approximately proportional to the difference 
of the distances. If equal distance points be made the 
carrying points for connecting the readings at different 
stations of the level, the resulting errors will only affect 
the intermediate independent and less important points. 
Except for great errors and instrumental imperfections, 
these may be disregarded in levelling for most practical 
purposes. 

Errors due to the staff not being held vertical* are 
much more serious, as they may occur both at carrying 
and intermediate points. The error due to this cause is 

* To remoTe these errors, and expedite the levelling operations on 
a long line of levels, for water-works purposes, the author had a tell- 
tale constructed, to show when the staff was held inclined, and the 
error due to the inclination at the 11-feet joints so that the error at 
the point of reading might be ascertained, and deducted horn, the 
reading before booking it. The illustration (fig. 63) shows a face 
and side-view of this ieH-ttUe, and the point on the staff at which 
it was attached. The illustration is drawn to a scale. The tell-tale 
consists of (a) ajapanned tin box, slotted on its upper side, and 
containing a weight ( TT), with disc rollers to keep it from bearing 
on the sides of the box a, when the staff shall be held up in use. A 
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nncertaiti and Tuunaiiageable, as the eitgiiieer cam only 
judge of tlie Teiidcal positioii of the staff bj the commim 
vertical pluie in which the level and staff maj be ; bat 
he has no oertain knowledge of the inclination of the 
staff in that plane, and henoe the erroni so introduced 
are nncertaia in amount. 

The errors dne to obserratioa and yielding ground 
should be provided against by oarefnl attention to read- 
ing with the side of the crosswire with which the 



strong framt is soldered to the bax, and uurieB od it a free disc or 

Arma (m). On the arbonr erf this diea ie fltUd t, mnall toothed 

puiion (p). The endj of n bent vire (i t) are inserted into the 

weight W, and a loop at its middle connected with a snapendinfi; 

link. A toothed sector ia attached to the side inrea * », imme- 

diatelj baloir the pinion, when the weight roller is bearing OD the 

bottom of the box a. To the frame is soldered an index win (n), 

bent to appear horicontal mi the ftee of m. The taxae is secured 

bj email screw naiU to tbe side of tha 

Fig' ^3- staff, anil the weight is Boapended b; 

A fine wire from a pin at the 13-fL 

division on tbe slaff, so that the sector 

ma; gear into the pinion. The &ce of 

lile disc m Ib painted red, white, and 

•Si black from zero, to give tbe enors re- 

Ig qnired. If the staff leans fbrwani or 

^ backward, the weight Wa^nMta itself 

L to the vertical under the suspending 

'^ pin, and so gives mntion to tbe disc m, 

jj the face of which is towanla the tea- 

l| gineer. This motion is proportional to 

the iDCliiiati<iii, bo that the distance 

from zero indicated bj the index n 

riunu enables the engineer to closely estimate 

the error, and, for all practical parposes, 

to absolotely remove it. The confidence thiis given ia very consoling, 

for the difScnlty of findings staff-hoIdeF to do his dnt^ continnouHly 

and Ihoroogbly is very great, whilst there aa do conSdence or 

BSBurance that the duty has been pcnperly discharged. 
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instmmenta] adjnstment for level may have been made, 
and the movements of the body at the time of reading. 

Instrumental errors, if any, should be removed by care- 
ful adjnstment in the field each day before commencing 
the levelling. And the adjustments should be also ex- 
amined in the field after concluding the day's operations, 
to ascertain if any disturbance occurred to vitiate 
the levels taken in the interval. [These observations do 
not apply to water and other self-adjusting levels.] 

By comparing the errors alluded to above, it will be 
found that the error due to the earth's sphericity, 
without regard to refraction, will be |-th of an inch 
for a distance or view of ten chains ; and that the 
error at top of ' level stafi*,' due to holding it inclined 
2^ in the observer's vertical plane, will be about O'Ol 
feet irrespective of the distance. It may be observed 
that the difference between the distances of the carry- 
ing points seldom exceeds about six chains; and for 
an extreme distance to one of these points of ten chains, 
the error due to curvature would be about 0*01 feet. 
This would be equal to the error due to the inclination 
of the staff as stated above, but it would be less fre- 
quent. These err(»rs are accumulative. That due to the 
curvature may be ascertained and removed, but the 
more serious errors, due to inclination of the staff, remain 
indeterminate. Hence the necessity for a * tell-tale' 
contrivance attached to the staff to enable the engineer 
to observe and remove the errors due to inclination of. 
the staff before making the entry on the field-book. 

LEVBLLma FOE A VERTICAL SECTION. — LEVELLING WITH 

THE Level. 

The problem to be solved in this service is to find 
the horizontal and vertical ordinates from rectangular 



152 ON LAND SUBYETINa. 

axes of co-ordinates, to intersect in corresponding points 
in tlie surface trace of the line of section. One of tlie 
axes of co-ordinates will be the datum line, and the 
other the vertical of the zero of the horizontal mea- 
sarements. The altitudes, referred to the datum line, 
are obtained by observation on the level-staff held 
vertical. The horizontal distances are generally mea- 
sured with the chain. K, however, the position of the 
surface points be ascertained on an inclined line, the 
measurements alluded to above as horizontal should in 
this case be made to the particular inclination. 

The engineer should be provided with a good level, 
level- staff, chain, and arrows, and be attended by a party 
of four assistants trained to tbeir respective duties. The 
division of the party should be, two chainmen, one staff- 
holder, and one level attendant. 

Immediately before proceeding with the measnrements 
for the section, the engineer should verify the adjust- 
ments of the level, as already stated. 

The line of section being determined, and its trace 
shown to the staff-holder and chainmen, the former 
should hold up the staff on its end, or on a bench-mark,* 
in the viciniiy of the end of the line of section, whilst 
the engineer should be engaged in setting up the level 
at a suitable point in or near the line of section, and 
making the field adjustments. 

In the illustration (fig. 54) A represents the first point 
on which the staff is held in the line, and a the first 
station of the level. The telescope should be directed 
to the staff at A, the fiirst backward point, the reading 
of which should be taken, and entered on the field- 

* * Bench marks ' are well-defined points, which should be selected, 
by preference, on permanent oljects, and fiilly described by sketches 
and measurements, so as to be easily re-determined, if required. 
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level book in the colanm of * back sights.' After enter- 
. ing this reading, the verification of the field-adjnstments 
and staff-readings shonld be observed and made correct 
before signalling to the staff-holder to move forward to 
the next level point in the line of section. This point 
being the intersection of the surface planes, is left to the 
immediate determination of the staff-holder, under the 
remote supervision of the engineer. The staff should be 
held on the points so selected, and the reading on it 
made, entered, and verified as directed above. If the 
point be an intermediate point between the first and last 
observed from a particular station of the level, the entry 
should be made in the column headed ^ inter.' When 
the staff-reading for the last point read from a particular 
station of the level (such as B from a) shall be entered 
in the column of *fore* sights and verified, the engineer 
should not signal to the staff-holder, as directed above, 
but careMly remove the level to a suitable forward 
station, such as b. After making the field adjustments 
for levelling at this station as at the former, the engineer 
should read the undisturbed staff on the last level point 
selected 'when the level was at the next former station, 
and enter this reading in the column * back ' sights, in 
which the staff-reading for the point A shall have been 
entered. In the meantime the chainmen surveying for 
the Hne of section and adjacent detail should keep pace 
with the staff-holder, and measure for the staff or level 
points, and report to the engineer the distances and 
measurements before he proceeds so far as to cause oon- 
ftision in the sketching or booking of the detail or mea- 
surements. The engineer and his assistants should 
proceed with the measurements, <fec., at the station h, for 
the view B (7, and at all subsequent stations of the level, 
and their corresponding views in the manner described 

h3 
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for the views AB^ BO and stations a h. The points 
B, 0, D, &o., for which there shall be a reading of the 
staff taken from the backward and forward stations of 

Fig. 54. 

the level, are called 'carrying points.' These are the 
points common to the readings taken at consecntive 
stations of the leveL 

Near the ends of the line of levels, as already stated, 
and at suitable intermediate points, 'bench marks' 
shonld be made on permanent objects, and their altitudes 
measured as points in connection with the line of section. 
These points need not be surveyed for the purposes of 
the section. Each day's levelling operations should com- 
mence on one and terminate on another ' bench mark.' 

The engineer, before removing the level to a forward 
station, should reduce the ' fore ' and ' back' readings, or 
measurements, to the datv/m line selected for the purpose. 
This reduction of the levels — altitudes — should be made 
in the field, at least for the carrying points. The opera- 
tion will be readily understood from the following 
explanation, and an inspection of the illustration 
(fig. 54). 

Let m and n be the readings of the staff at the carry- 
ing points A and B respectively, and d the altitude 
of A above the selected datv/m Ime; then will d-\-mhe 
the altitude of the line of coUimation of the level at a 
above the datum line; and, therefore, d+m—n(^^di) 
will be the altitude of the carrying point B above the 
same datum. 

Putting mi rii for readings at B and 0, observed from 
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b, we find tlie datum distance or altitude of line of col- 
limation for this station of the level equal to di+ni^, 
and the like altitude of the carrying point equal to 
<2|+m,— nj (=(22)* Stating the observed altitudes 
(levels), at length we find the reduced altitude for C thus : 
d+m—n+mi—ni^d2, or d-\- (m-|-mi) — (n+n^) = c?2- 
This expressed in words is, the difference between the 
svma of the * back* and ^ fore* readmga added to tJie initial 
datwni altitude (datum altitude for first back reading 
point) will be the datum altitude (reduced level) for the 
extreme forward point. This, when reduced to a single 
station of the level, will be as above for c^j. By deduct- 
ing the readings for intermediate points from the cor- 
responding datum altitude of the line of collimation, the 
altitudes of those points abovo the datum line will be 
obtained. It may be seen ,that the difierence between 
the *back' and *fore' readings is equal to the difference 
in the altitudes of the corresponding levelled points. 
This affords a convenient check on the arithmetical 
accuracy of the reductions for altitude. 

In the operations just described there is not found a 
sufficient check on the results obtained, so that it be- 
comes necessary to verify these by levelling between the 
' bench marks.' The levels taken for this purpose are 
called ^ check' levels, for which chaiu measurements and 
intermediate levels are not required. The levels for 
carrying points only may be taken, which points should 
be as near as may be at equal distances from the station 
of the level. As the check relates to the measurement 
of altitude, the absolute distance between the carrying 
points and the route selected will be, generally, im- 
material. Should an error be detected between any two 
' bench marks,' that part of the line of section should be 
relevelled in detail, and the point or points in error 
corrected. 
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The annexed ' Level Field-Book ' will be fotuid con- 
yenient and suitable for redncing in the field, withoat 
loss of time, the altitudes of the carrying points. The 
tx)lnmns 1, 2, and 3 are placed on one page of a narrow 

Belfast Water : L, Neagh scheme. 

Levels between B.M. at 396 '30 

And B.M. at 429-90 on line (Br,). 

Date Dec. 29, 1865. 



Inter. 



B.M. top Btone in line, near fenoe 
In lea field 
In chain line 



Ferp. 20 
Ferp. 20 

L.F. in chain line 

Middle CO. road in line 

Infield 

Do. face of incline 
At tillage 
GroBB fenoe 
Peep. 20 

At fence in line 

Water 

z 

y 

Middle of bridge road 
Bed of stream (lower side) 
B.M. 



18'9i 
18-40 
14-40 
18-60 
9-13 



6-76 

2-85 



3-90 

6-2fi 

8-7ff 

12-70 



8*18 

8-70 

11-00 

10-10 

9-72 

9-80 

16-80 

7-87 



Back. 


Fore. 


4-14 




18-76 


609 


3*62 


6-02 


8-08 


18*90 




10*64 


29*56 

Fall.. 


85*65 
29*55 


6*10 


2 


3 



1 



* The modern figures are those which the engineer should enter on the field- 
book, in the field, to record the measurements, and to obtain and yeriiy the 
reduced altitudes (leyels) of the carrying points. The antique figures are 
those which may be found subsequently in the office. Bach levelled point, or 
reading, is on the same line as the corresponding reduced altitude. 
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UtLe-lined book, beside the colmnns 4 and 5, on the 
next, or face, page. The blue lines on the one page 
shonld correspond, in position, to those on the other, as the 
book, when open, makes only one page for the field work. 



Engineer 



Assistants j 



Bednoed 


Dirt. 


Altitudes 


261*56 




265*69 


896*80 


25>'75 


896*46 


252*39 


398*00 


251*29 


899-80 


252*19 


402*00 


256*56 


406*10 


269*60 


406*40 


278*86 




366*60 


408*00 


268*84 


410*00 
418*60 


271*96 




a68*o6 


415*00 


362*81 


417*04 


354*06 


418*12 


331*36 
268*06 


419*80 
422*00 


266*09 




357*96 


424*16 


257*39 


426*00 


355*09 


** "- 


355*90 


429*00 


356*37 


429*40 


356*29 


429*66 


ts^^t 




266*46 


429*90 


• 
4 


6 



9uo}s/o 4oZ 'M'a 
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The following form of Leyel Field-Book has 
adopted hy many engineers : — 

Bdfast Water : L, Neagh scheme. 

Levels between B.M, at 396 -30 
And B.M, at 229-90 on Bridge. Date Dec, 29, 1865. 



BMk. 



4-14 
18-M 
18-40 
14-40 
18*60 

9-13 



18-76 
6-76 
•2-85 



8-62 
8-90 
6-25 
8-76 
12-70 



8-08 

8-18 

8-70 

11-00 

10-10 

9-72 

9-80 

16-30 

7-87 



Fbre. 



Bednoed 
Levels. 



13-94 
18-40 
14-40 
18-60 
9-18 
6-09 



6-76 
2-86 
6-02 



3-90 

6-25 

8-76 

12-70 

13*90 



8*13 
8*70 

11-00 

10*10 
9*72 
9*80 

16*30 
7*87 

10*64 



216-26 



FaU. 



261-66 
266-69 

261-76 
262-29 
261-49 
262*49 
266*66 
269*60 
273-86 

266-60 
270-61 
268*84 
271*96 

268*06 
263*81 
364-06 
281-36 
268*06 
266*09 

267-96 
267-39 
266*09 
266-99 
266*37 
266-29 
249-79 
268*72 
266-45 



Dist. 



221-36 261-66 
216*26 



6-10 6-10 



896-80 



896-46 
898-00 
899-80 
402-00 
406*10 
4D6-40 



408*00 
410-00 
418*60 



416*00 
417-04 
418-12 
419*80 
422*00 



424*16 
426*00 

»» »» 
429*00 
429*40 
429*66 



429.90 



ObBenmtiooB. 



B.H. an stoie imv sozteot 



In lea field 
Chain 898*00 



Perp. 20IflCt 
Ferp.201aft 



Kiddie 00. road 



Infield 

do. face 
At tillage 
Cross fence 
Pequ 10 right 



Water 

Angle of field left 

Middle co. road ; do. peip. 

Middle of bridge 

Bed of stream (lower side) 

B.M. top comer stone of panq;wt, B.W. wall br. 



I 

It may be seen by an inspection of this form of Level 
Field-Book that to obtain the reduced altitudes (levels) 
of the carrying points, and their verification in the field, 
all the reduced altitudes must be found, and the sum of 
all the readings taken. Comparing the above form with 
the form of Level Field-Book already given, the advan- 
tages of the former are very manifest. 
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This form of Level Field-Book is well known, and 
was at one time very generally adopted by engineers : — 

Belfast Water: L. Neagh scheme. 

Lerels between B.M. 396*80 and 



Date 



Back. 


Fore. 


Biae. 


Fall. 


Bednoed 
Levels. 


Digt. Obfleryations. 








261*55 


896 90 1 BJf. on Btone near fence 


4-14 


18-94 




9-80 


261-75 


896-45 


In lea field 


18-94 


18-40 


0-54 




252-29 


898-00 


Chain 898-00 


13-40 


14-40 




1-00 


251-29 


899-80 




14-40 


13-60 


0-90 




252-19 


402-00 




18-50 


913 


4-87 




256-56 


405-10 


Perp. 20 left 


9-18 


609 


8*04 




259*60 


406-40 


Ferp.a01e(t 


18-76 


6-76 


7-00 


0-67 


266-60 


408-00 




6-76 


2-85 


8-91 




270-51 


410*00 




2-8fi 


5-02 




2-17 


268-84 


418-50 


Middle CO. KMd 


91-88 


85-09 


19-76 


12-97 


261-55 


80-09 




12-97 












Biae.. 


6-79 






6-79 


Bise. . 


6-79 







All the figures for the redactions and verifications 
should be made, in the field, on this form of Level Eield- 
Book, which requires six columns for figures. 

It may be observed that in this, as in the Level Field- 
Book immediately preceding, although there are several 
of the points intermediate between the carrying points, 
each intermediate point is entered as if it were a carry- 
ing point, which is not in fact the case. 



Levellinq with the Theodolite as an Angular 

Instbumekt. 

The theodolite, as an angular instrument, may be nsed 
for the purpose of levelling, as already stated. The 
operation of levelling, in connection with the measure- 
ment of vertical angles, is as follows : — 
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The theodolite shonld he set np at the intersectioii of 
the selected inclined or other planes, snch as at A, 2, 3, 
4, &c. (^g, 56), and adjusted for ohservation. The index 
error of the vertical limh, if any, shonld he noted, and 
the limhs clamped at snch angle as will make the line of 
coUimation lie as near as practicable to the anrSeuce of 
the ground in the line of section. The vertical angle 
shonld be read, and the reading entered on the field- 
Fig. 66. 




book. Then a iSiaff-holder and surveyor should proceed 
along the line of section, as from J. to 2, or 2 to 3, and 
take up the feature points, or irregularities, of the sur- 
&ce. The engineer, at the theodolite, should signal the 
staff-holder, until the latter shall have adjusted the vane 
on his staff to the line of collimation, as shown by the 
cross wire of the diaphragm. The surveyor, making the 
measurement in the incline for the staff point, should 
at the same time enter the staff reading to the measure- 
ment for the point. In this operation the staff-holder 
may hold the staff vertical, as shown on line A — 2 ; or 
perpendicular to the line of coUimation, as shown on 
line 2 — 3. The manner of holding the staff should be 
stated on the field-book. 

The angle ^ and the line 3 — 4 are obtained by mea- 
surement. Then, to find the corresponding horizontal 
and vertical distances 3^7',^?' 4, we have from trigono- 
metry— 

3j/ ss r cos 0; and 

■ p' 4 =: r sin ^ 
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A correctioii should be made to the latter for the earth^s 
sphericity. As already explained, the actual path of the 
ray 3 — 4 cannot be rigidly ascertained, and hence the 
correction for cnrvatnre, or the earth's sphericity, will 
be only an approximation. 

It may be seen that the operations with the graduated 
vane-staff is, in this case, for filling up minor details of 
surface irregularities in the operations for reducing 
surface to horizontal measure, already described in 
Chapter II. In this mode of levelling for a section, the 
trace of the surfiice will be obtained by plotting the 
staff readings on the line of collimation. This mode 
may be adopted, with some advantage, in rough country, 
when the altitudes are not required to be ascertained 
with more than approximate accuracy. 

The theodolite may be used differently for the purpose 
of levelling, as a substitute for the level. When it shall 
be so used, it should be adjusted as for observation, and 
the vertical limb clamped when the bubble of the level 
tube shall be at the middle of its run. The horizontal 
limb should remain undamped, to allow the instrument 
to turn freely on its vertical axis. 

Other instruments may be used for levelling, but the 
range obtained with them is too limited to be of much 
practical service for general engineering purposes. The 
following are of this class : — 

The Watee Level — (Levelling). 

This level is a self-adjusting instrument. It consists of 
a bent tube, filled with water. The surface of the water 
will be always in the same level. To facilitate tracing 
with the eye, the line in this surface at the ends of the 
tube, the ends are made of transparent glass. The 
prolongation of the line of sight touching the water 
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Boi&oe in the glass tabes detennines this level on a remote 
object. The range at which levels may be accnratelj 
determined is obviously veiy hmited, as compared with 
the TBSige of the level or theodolite. Notwithstanding 
this liniit of range for accurate levelling, the simplicity 
of the instrument and its self-adjusting properties maikes 
it valuable for reconnoitring purposes, in which approxi- 
mate levels may suffice. For this purpose the level may 
be made of a vulcanised indiambber tube, with glass 
tubes inserted, water-tight at the ends. The glass tubes 
should be furnished with water-tight stoppers. In filling 
the tube, one end should be placed under water, whilst 
the tube should be lowered gradually, to allow the air to 
be fully expelled, and the tube filled with water. The 
ends should be placed together, held in the one hand, 

and in this position 
^' ' taken out of the 

water. K the ends 
be closed under 
water, with the 
stoppers, the tube 
may be lifted less 
carefully. When 
taken out of the 
water, the free ends 
of the level should 
be held vertical and close to *one another, as shown in 
fig. 67. Then it will be seen, if all the air be expelled, 
that the water surfaces will stand at the same level. 
If there be air in one leg of the tube, the water surface 
will stand higher in that leg than in the other ; when 
this is the case, the tube should be discharged and re- 
fiUed. 
By holding one end of the tube near the eye, and the 
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other remote, as shown in the illustration, the level of 
the observer's eye may be traced, approximately, along 
the hill sides by simply directing the line of the tube and 
view in this manner to the different points. The line so 
traced will be a contour. The eye may be readily ad- 
justed to the level of any particular point by i^e obserrer 
moving up or down, until that point be observed in the 
level line of sight. The tube, when once properly filled 
with water, may be stopped at the ends, when not in 
use, rolled up, and carried in the pocket, ready for use 
when required. 

Thb Beflecung Level. 

This instrument is usually a plain glass mirror with 
parallel faces, supported on a stand and adjusted in the 
vertical by a suspended weight. It may be used for 
levelling at short range. The observer, in levelling 
with a reflector, should make the horizontal level scribe 
on the glass bisect the reflected image of the pupil of 
the eye, when the points of objects to be seen by reflec- 
tion on the horizontal line bisecting the eye will be on 
its level. This instrument is better adapted for observ- 
ing what points are on the same level than for following 
and determining the trace of a particular level line. 

Levelling with the Babometbe. 

The principle for ascertaining the altitude vrith the 
barometer differs from that in the instruments alluded 
to in the foregoing. In those instruments the aUvtude 
is not represented in the level, which, by means of a 
liquid medium of uniform density, merely determines 
the horizontal plane of the point. In the barometer the 
aUUude is represented, without regard to the horizontal 



164 ON LAND SUaVETING. 

plane of the point. The barometer indicates the weight 
of the column of air above the point ; and, as the height 
and weight of this colnmn diminishes with the distance 
from the centre of the earth, the difference of the 
barometric colnmns for two given points or places cor- 
respond with the difference between the distances of 
these places from the centre of the earth. For levelling 
with the barometer, the colunm balanced at tihe level of 
the sea is generally taken as the zero for altitudes. If 
the barometric column for a given temperature at the 
level of the sea, and the barometric colunm for the 
same temperature at a known elevation above the level 
of the sea, be observed, the difference in the height of 
the columns will represent the altitude. And for any 
other difference in the barometric columns, at the level 
of the sea and a given place, the altitude will be propor- 
tional in the ratio determined as above. The indica- 
tions of the barometer are more or less affected by the 
temperature ; hence, for estimating altitudes, it is neces- 
sary to make a correction for temperature. The barometer 
should, therefore, have a thermometer attached to it for 
the latter purpose. The altitudes cannot be estimated 
with a high degree of accuracy, because of the difficulties 
to making accurate observation of the extremely minute 
subdivisions, as well as the liability to local thermometric 
or other disturbances, which interferes with the true 
indication for the altitude. For most levelling purposes 
it is not of much practical value ; but for reconnoitring 
purposes, and more especially in mountainous country, 
it is a very valuable instrument, because of its por- 
tability and the independent manner in which the alti- 
tude of each point is obtainable. 
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Teacing Contour Lines. — Contour Surveys. 

It may be observed that the height of the highest 
mountaiiis are only a few miles above the level of the 
sea, whilst these moTintains are several hundred miles 
from it at the nearest point ; and that even the steepest 
monntains have their horizontal extensions many times 
greater than their altitudes above their bases. From 
this it may be seen that in an examination of the 
features, or surface configuration, of a district, a closer 
scrutiny is more important for the altitudes than for 
the horizontal extensions. This is recognised in the 
ordinary vertical sections for representing the features 
or trace of the surface line. In these sections, if the 
extent be considerable, and the features require to be 
closely examined, the vertical scale usually selected is 
much greater, and not unfrequently several times 
greater, than the horizontal scale. On contour maps 
the representation of height is made on the horizontal 
scale, so that the horizontal distance on the map, for 
a given difference of altitude, will be inversely pro- 
portional to the surface inclination. In this manner a 
very expressive comparative representation of surface 
inclination, or configui-ation, is obtained. 

Contours are the trace on the surface of the ground of 
the level or datwm surface already described. Contours 
are, therefore, level lines, which may be traced for all 
practical purposes as horizontal lines. 

To simplify the consideration of the representation of 
surface configuration by contours, the reader should 
consider the vertical heights between the consecutive 
horizontal surfaces as constant. The contour surfaces 
should be selected at such distance apart as will make the 
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straiglit line, normal to their traces, be in the surface of 
the ground. 

The water line of a lake is an iUnstration of a contour 
line. Now, if the level of the water be successively 
lowered by equal depths, the corresponding water lines 
will be contours at the same vertical distance apart. If 
the equal depths be so selected that the contour-normal 
line shall be in the surface, a map of the water lines will 
be a contour map, giving a very full representation of 
the surface configuration and inclination, If instead of 
a lake we consider the case of an island, on which the 
water surface would be raised by equal heights, the 
corresponding water lines would be the surface trace of 
horizontal sections of the island at the respective levels. 
This is another point of view from which contours may 
be considered. It may be seen that the greater the 
number of contours in a given altitude, the more minute 
will be the representation of surface configuration ; and 
if the successive contours be the same vertical distance 
apart, the representation will be, graphically, the more 
complete. The greater the surface inclination, the fewer 
may the number of contours be for a given altitude. 

The instruments required for contour surveying are 
the level, chain, &c., box-sextant or prismatic compass, 
and the contour staff. The ' contour staff* is furnished 
vrith drum vanes and clamp screws, and in this respect 
it differs from the ' level staff.' 

For the same station of the level the reading for the 
contour staff is the same for equal distances from the 
level. If the * carrying point ' distances from the level 
be equal, the reading for the contour will be the same 
for these and aU intermediate points on stiff or steep 
grounds. On slightly inclined grounds the corrections 
for curvature should be made on the intermediate points. 
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From ibis it may be clearly seen tbat wbere curvature 
may be disregarded, the contour staff need not be read, 
if at each setting, or station, of the level a vane on the 
staff be adjusted to the plane of coUimation of the level. 
By this means the range for tracing the contours is 
greatly extended. A brief description of the operations 
in the determination and surveying for contour points 
vnll suffice to make these simple measurements easily 
understood. 

Let a (fig. 58) represent the ultimate known point in 
a contour trace, or a point from which it is required to 
trace a contour line, and let A be the first station of the 
level. After the level shall be adjusted as for levelling, 
the telescope should be directed to the level staff held 

Fig. 58. 




upright on a. The vane of the staff should be adjusted 
to the plane of coUimation, on the level of the horizontal 
wire of the diaphragm, and securely clamped. Now, 
whenever the staff vane and the horizontal wire are on 
the same level, the staff will be on a contour point if the 
staff be held upright. From a the magnetic angle of 
a A and a Z should be measured, A being the station of 
the level, and Z a conspicuous object in the field. [If 
there be more than one conspicuous object in the field. 
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BO situated that the lines from these to the contour 
points may contain an angle between 150^ and 30% 
some of these may be preferred to the station of the 
level for the purpose of laying down the position of 
the contour point.] From a the staff-holder should pro- 
ceed approximately along the level line to the next suc- 
ceeding place for the determination of a contour point. 
The selection of these points should be so made that the 
direct lines joining the successive points may be approxi- 
mately in the surface. In field operations a skilful sur- 
veyor will select fewer points, so that a sketched line of 
feature through the selected points may be the true line. 
On the first setting-up of the staff, for the determination 
of a point in the contour, such as at m, the vane may be 
too high for the plane of coUimation. This circumstance 
should be signalled to the staff-holder, who should ac- 
cordingly take up a lower position, such as n, as near 
as may be in the contour. The relative levels of the staff 
vane and cross, or horizontal, wire of the diaphragm will 
show if the vane be still too high, too low, or on the 
level. In the case indicated in the sketch n is too low. 
This should be properly signalled or otherwise com- 
municated to the staff-holder,* who will now perceive that 
the contour point is between m and n. The movements 
of the staff-holder should be determined and controlled 
in this manner until finally the vane be observed at the 
proper level, when the contour point 1 will be deter- 
mined. From this point the magnetic angles should be 
observed for the lines from A Z intersecting in it. The 
contour points 2, 8, 4, 6, and h should be determined and 
surveyed in like manner. The last determined, or 
' carrying,' point &, should be marked with a picket on 

* A system of signals with a dog whistle will be preferred to 
flags, &c., &c 
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tlie ground, to aid in a subsequent identification and 
verification of the trace, if desirable. After the determi- 
nation, survey, and marking of the carrying point h, the 
level should be removed to a suitable (forward) place, 
Buch as B, and there set up and adjusted for levelling. 
The telescope should be then directed to the staff held 
upright on the carrying point 6, and the vane on the staff 
at b adjusted to the plane of collimation of the level for 
the station B in the same manner as it was adjusted at a 
to the plane of collimation for the station A, The deter* 
mination and survey of the intermediate, as well as the 
carrying contour points, should be proceeded with for 
this, and all subsequent ranges and their corresponding 
sections, as for the A range and section ah. 

In the description given above, the determination and 
survey of the contour points are made simultaneously. 
This, although very desirable, is not absolutely necessary. 
If the contour points be marked on the ground, they 
may be subsequently surveyed by measurements with 
the chain or otherwise. The objections to the latter 
mode of obtaining data for the contour map are : — Great 
liability to omit, in the survey, some of the contour 
points, and the increased labour and delay occasioned by 
making the measurements. In some localities the tres- 
pass occasioned by increased number of hands has been 
found to be disagreeable, the more so as, from the curved 
(contour) outline, lines for the measurement of the 
determined contour points will be frequently selected, 
traced, and measured in places remote from the contour 
trace. The determination of the angular points of the 
reference lines so selected would occasion farther tres- 
pass if the lines be not selected to known points in detail, 
which, in many instances, would give an undesirable 
position for the contour detail measurements. 

I 
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If the engineer have a good detail map of the district, 
to a suitable scale, the angles for the purposes of the sur- 
vey may be measured to suitable, well defined reference 
points in the detail, which may be distinguished by 
figures, characters, or otherwise, as may be found con- 
venient. The chain-measurements may be referred to 
the detail, where well defined, or to reference lines re- 
ferred to well defined points in it. If there be not avail- 
able a suitable detail reference map of the district, or if 
the detail be not sufficiently close, and the features be 
not so regular as to allow the measurements for laying 
down accurately the contour points, to be conveniently 
made, a traverse survey becomes necessary. The traverse 
may be run for the survey of the contour points with 
the chain, or for the survey of the conspicuous field 
objects, which latter may be temporary or permanent. 

For the purpose of conveniently determining the points 
A z, the magnetic angle of the line z A should be mea- 
sured, and the line traced and measured to a convenient 
point, /. The line af and its magnetic angle should bo 
measured. The line may be traced farther and mea- 
sured to any convenient point a\ from which (to verify 
the position of the point) the field objects of the survey, 
in view, should be observed for magnetic angles. In like 
manner the magnetic angles and l«ngths of the traverse 
lines a' a", a" a'", Ac, and the position of field objects 
surveyed on them, should be determined. Instead of 
the magnetic angles for the traverse survey, correspond- 
ing angles may be measured with the theodolite, which 
wlQ be preferable in most cases, particularly for long 
contour line traces. 

If the vertical distance between the contours be less than 
the height of the staff, two vanes may be attached to it 
at that distance apart. One of these should be adjusted to 
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the plane of collimation for the particular cariying point 
before clamping the other at the contour distance. By this 
arrangement the feature points on the upper and lower 
contour may be very conveniently determined and sur- 
veyed as the traces proceed. The contour points in 
the level station range should be shown by sketches 
and measurements on a separate page of the field- 
book. 

In proceeding to the contour survey of a district of 
considerable extent, the engineer should select certain 
easily accessible lines for preliminary reference or initial 
levels. These lines should be, if convenient, on the ridge 
dividing lines and valley lines of hills, which will be 
normals to the contours for feature representation on 
these prominent parts. Other * initial * level reference 
lines should be selected to form convenient quadrilateral 
districts of greater or lesser extent, depending on the 
character of the surface configuration, and the degree of 
accuracy required in the survey. In close detail and 
cultivated country, the * initial ' levels may be taken on 
public roads, &c. Well defined * bench marks ' should 
be made for certain equal increments of altitude, and for 
certain equal horizontal distances in the line of initial 
levels, and at other suitable places, such as bridges, cut 
stone permanent erections, &c. These levels should be 
taken as for a vertical section, already described, and be 
reduced to the same datum. The position of the bench 
marks should be shown on a good detail map of the district, 
if such be available. If a detaU map be not available, the 
lines of initial level should be 'traversed,' and the 
' bench marks ' indicated on a map laid down from the 
traverse survey. The level of each bench mark should 
be known, so that the trace of a contour may be taken 

up by levelling from one of them. The accuracy of the 

i2 
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distant trace of a contour may be verified by levelling 
from it to the most convenient initial level B M, From 
this it will be seen that the initial levels, by dividing 
the trace of a contour into sections, and by affording an 
easy means for taking np the trace and verification of the 
several sections, serve very important purposes. 

For many engineering purposes contour maps give, 
perhaps, the most complete and convenient representa- 
tion of surface configuration that can be well obtained. 
The superiority of this system of levelling, and the ad- 
vantages afforded by the representations on a contour 
map, are fiilly recognised in towns, and on other valuable 
property. Its more general adoption is only a question 
of time. 

The annexed contour map of a small district shows 
close contours and close detail. The blue lines represent 
the contours, which are figured to express the height 
above a particular level of the sea. This figuring of the 
contours affords assistance in the consideration of the 
altitudes. 

MmiNG Surveys. 

In mining, or underground surveys, the object will be 
to obtain complete knowledge of the form, position, and 
extent or capacity of the passages, galleries, headings, 
shafts, ways, &c. The position and general extent may 
be represented on plans and vertical surfaces or sec- 
tions. In this service more measurements are neces- 
sary than in any of the surveys already described and 
explained, which were confined to measurements for the 
representation of one surface only. 

From the essential peculiarities of an underground 
district, the survey must be made on * traverse ' reference 
lines. These lines will be, for ihe purposes of this survey. 
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not only the reference lines for horizontal measurements, 
but also for yertical measurements, and measurements 
in planes perpendicular to the reference line. The theo- 
dolite is the angular instrument best adapted for making 
the necessary measurements for this purpose. Instead of 
the ordinary tripod stand for the support of the theo- 
dolite, three low stools, or stands, should be provided. 
The stand or stool should be made with centre wooden 
screw pin, so as to serve the purpose of a suitable stand 
for the theodolite to screw on to. Two object lamps, 
with illuminated orbs, or bull's eyes, should be also pro- 
vided. These lamps should be also made to screw on 
to the stand screw-pin, and to have in that position the 
centre of their illuminated orbs at the level of the axis 
line of the telescope attached to the theodolite. In 
addition to the lamps for this purpose, a small lamp 
with an illuminated orb should be provided and fitted to 
a staff, to slide on and be readily clamped to it. This 
staff or wand, and its attached adjustable illuminated 
orb, are for use in the trace of the traverse lines on the 
bottom, and vertical planes at intermediate points. 

The survey operations may be commenced at any ex- 
treme point, and conducted along the several ways and 
passages to the other extreme point or points. These 
operations should be commenced by placing a stool or 
stand at the extreme point, for the beginning of the sur- 
vey, and a stand at each of the two next forward angular 
points, for the traverse. On the first and third stands 
the object lamps should be placed, with their illuminated 
orbs towards the second stand, or first angular point. 
On this stand the theodolite should be placed and ad- 
justed for observation. The surveyor should observe the 
bull's eye of the first lamp with the horizontal and ver- 
tical limbs clamped, and enter the readings of the vernier 
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stand, on whicli the forward la«mp should be placed. 
The horizontal and vertical angles shonld be measured 
at the second, and all sncoeeding angxdar points as at 
the first. It may be observed that the stands only suc- 
cessively change the order of their position, the lamps 
retaining their relative positions thronghont the traverse. 
The horizontal angles may be measured as for a traverse 
(overground) to a fixed line of direction, or inde- 
pendently. 

When, at any angular point, the vertical angle for the 
forward Hne shall be 90^, the horizontal angle vanishes, 
so that the relative direction of the next succeeding re- 
ference Une, making a vertical angle less than 90°, can- 
not be directly determined with the theodolite. The 
relative direction of such reference lines may be deter- 
mined in two ways — ^namely, with the theodolite and 
compass by magnetic angles, and with the theodolite and 
a plane reflector. Firsts with the theodolite, Ac, by 
magnetic angles :— 

The compass card, or dial, should be accurately placed 
in the reference line near the theodolite, so that its 
centre or point of support shall be observed at the in- 
tersection of the cross wires of the telescope, when in 
the vertical plane of the reference line. After the card 
has ceased to oscOlate, the magnetic angle of the reference 
line may be read with the telescope. The compass card 
and theodolite should be removed to the shaft extremity 
of the succeeding reference line with a vertical angle 
less than 90°. The compass card should be adjusted in 
the vertical of the shaft extremity of the last measured 
reference line by a plumb line, or otherwise, and its 
index made to read the magnetic angle for that line. 
The theodoHte should be set up in the sight-line, of the 
compass card, or dial, at a distance from the latter, 
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and adjusted for observation. The telescope should be 
directed to the card, without unclamping the upper 
plate of the horizontal limb, and the bisection of its- 
centre made by working the clamp screw to the lower 
plate. Now if the card reading be exactly the same as 
made at the former station, the vertical limb of the theo- 
dolite will be in the vertical plane of the measured re- 
ference line terminating in the shaft. The theodolite so 
adjusted will give the angles for connecting the lines. In 
this manner the reference lines of the survey for passages 
abutting on the shaft at one level may be connected with 
those of a like survey at another level, or with the re- 
ference lines of an overground survey. This assumes, 
however, that the magnetic variation does not vary. In 
many cases the assumption is not well founded, and in 
all it is open to question. 

The second mode for connecting the reference lines of 
surveys for passages abutting on a shafb at different 
levels is as follows : — 

Two points, remote from one another, should be ac- 
curately determined in the last measured reference line 
having a vertical angle less than 90°, which points 
should be distinctly and finely marked. Adjustable 
frames, stands, or stools, with lamps and plane muffled 
glass illuminated orbs, will be suitable for the purpose. 
On the illuminated orbs fine black rectangular straight 
lines should be drawn, and the adjustment made by 
placing their intersection in the vertical plane of the 
reference line. This should be done with the aid of the 
theodolite. A plane mirror, on an axis (in, or parallel 
to, its reflecting surface), should be placed and adjusted 
above the theodolite, and under the vertical shaft, so as 
to make the observed, direct and reflected bisections of 
the marked points identical. The axis of the mirror 
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will then be horizontal, and perpendictdar to the vertical 
plane of the reference line, which plane intersects the 
mirror BxirfSa,ce. The theodolite shonld be removed to 
the different level on the vertical shaft, and adjusted 
for observation. The telescope shonld be directed to the 
reflector, and the illuminated muffled glass orbs ob- 
served. If the theodohte be accurately in the trace of the 
vertical plane of the reference line, the reflected image 
of the black line intersection point will appear suc- 
cessively at the cross wires of the telescope, by making 
the mirror revolve slowly on its axis. If the reflected 
image of the marks do not appear at the intersection 
of the cross wires, the theodolite must be so placed, 
that when adjusted for observation the reflected images 
of these points shall appear accurately at the inter- 
section of the cross wires. Then will the vertical limb 
of the theodohte be accurately in the vertical plane 
of the reference line traced at the different levels or 
altitudes. The trace of this vertical plane, in the districts 
at the different levels, or altitudes, affords the required 
connection between the reference lines for a continuation, 
or retrace, of the surveys at different levels. 

TUNNELLINO. 

In tunnelling it is required to determine underground 
passages which shall have known traces, and be at known 
depths below the corresponding overground surface. 
The survey operations are the reverse of those described 
in the foregoing for mining survey purposes. 

At several points in the overgroxmd line vertical shafts 

should be sunk to the required depth, and the line of 

direction accurately traced on opposite sides of the shafb. 

This is usually done with the aid of a theodohte or transit 

i3 
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instrument. The practice of snfipendmg weighted cords, 
or fine wire, from the points marked, to give the direction 
at the lower level, has obtained with many engineers, who 
adopt yarions means for prolonging the direction at this 
level. The practice, althongh convenient, is not reliable, 
particnlarly if the shafts be a considerable distance apart. 
The line of direction may be determined mnch more ac- 
curately, and with any desired degree of accuracy, by 
reflection, as abeady explained. 

Identification and Determination of Detail from a 

Map of the District. 

The identification of detail by map may be undertaken 
for either of two objects : the verification of the detail 
representation on the map ; or the determination of the 
position of detail firam the map-representation of detail 
on paper. The former service is usually called Hhe 
examination,' and the party engaged on it Hhe ex- 
aminer.' The duties of the ' examiner ' 'embrace more 
matters than the verification and correction of the 
position of detail on map. Those other duties shall be 
referred to in another place ; in this place we shall only 
deal with the correct representation of the detail. 

For the purpose of the examination, the ' examiner ' 
should be furnished with an elegant and accurate trace 
(ink copy) of the plotted detail of the district^ and he 
should be provided with a suitable sketch case (lined 
with prepared ass skin), pencil, lineal scale, chain, &c., 
and labourers. The trace copy, in one sheet, should 
be in extent not more than can be conveniently secured 
in the sketch case. It is desirable that the marginal 
detail on the trace copy shall be common to the adjoining 
sheets for examination. If the district be extensive, and 
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if tthere be more than one examiner engaged on the ex- 
amination, adjoining sheets shonld not be given to the 
same examiner, that the character of the examiner's 
work may be ascertained by independent examinations 
of the same marginal detail. In the examination of 
the detail representation on a map the * examiner ' 
should be mainly guided by a few leading considera- 
tions ; these are — 

1. The position of a straight line, or detail, on the 
map will be correct when its actual and plotted position 
on the ground and map makes equal angles with another 
known line and intersects it in a known point, the 
position of which line and point on the ground has 
been previously ascertained to be correctly represented 
on the map. 

2. The line, or detail, will be correctly laid down — 
given in magnitude and position — ^when its position and 
length on the ground and map are ascertained to corre- 
spond accurately. 

From 1 and 2 it will be seen — 

a. That the point of intersection of two given straight 
lines on the ground, and the corresponding point on the 
map, will be a given point on the map, if the correspond- 
ing lines on the map be ascertained to be correctly laid 
down in position. And, 

&. That any two points being given or correctly 
determined, the straight line terminating in them will 
be a given line. Farther, 

c. That a straight line traced* or drawn through 
given points is given in position. 

* It should be kept in view that lines may be more accurately 
traced, and to a greater distance, with the naked eye, when the party 
tracing is rather above than below the level of the field on which 
the trace shall be made. 
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It may be also seen that a point on the map which is 
the common point of intersection of three straight lines 
drawn through well defined points in the detail will be 
a given point, if lines traced through the corresponding 
detail points on the ground be found to have a common 
point of intersection. And, farther, that the correct 
determination of two such points on the map determines, 
as already stated, the position of a straight line through 
these points. The determination, in the above manner, 
of three such common points of intersection correctly 
determines the representation of a given triangle. In 
the examination, the sides of the triangle determined by 
intersections, as above, should be measured on the 
ground, to ascertain and verify the accuracy of the 
determinations of the angular points on the trace or map. 
The production of detail lines, and lines traced through 
plotted points, should be taken up in the chain measure- 
ments of the sides of this triangle. Through these 
verified points straight lines should be traced, and drawn 
in pencil, to well defined points in the detail, such as the 
buttals of fences, the comers of houses and walls, gate 
piers, <fec. On these lines the intersected and neigh- 
bouring detail should be examined by chain and scale 
measurements , In the measurement of the lines the in- 
ternal and adjacent external detail should be very care- 
fdlly examined, and corrected on the map where found 
in error. The examination of the detail should be car- 
ried forward by the production and intersection of given 
lines, and also by chain measurements from given points, 
to verify the position of the detail or other points on 
the map. This examination should be continued to the 
limits of the trace sheet. In remote parts of the trace 
and district, lines of verification should be drawn, traced 
on the ground and measured with the chain to verify 
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the scale measuretnents by the examination. These lines 
should be long, and in situations affording few facilities 
for the accurate determination on the map of the position 
of the plotted detail by other modes of examination. 

The straight line iLsing through the extremities, or 
other well defined points in curved detail, should be 
regarded as a detail line, and the position of the inter- 
mediate curved detail verified by ordinates or tangents. 
Buildings and adjacent detail should be carefully ex- 
amined by productions, &c., because of the greater 
difficulties these details usually present to the surveyor 
and plotter, and the consequent liability to small errors 
in the position of some of the plotted points, which 
affect the direction of Hues determined on them. 

In order to the correct determination on the ground 
of the limits of detail represented on a map of the 
district, two well defined points in the detail delineated 
on the map must be clearly ascertainable by inspection 
on the ground. And for a verifiable determination three 
such points should be so determinable. From a scale 
and measured distances, between two known points on 
the map and ground, the scale of the map (in the 
direction of the line) may be readily found. If a third 
well defined point, not in the direction of the measured 
line, be determinable by inspection, lines from it to the 
extremities of the measured line should be also measured 
on the map and ground. These measurements will give 
the data for finding the scale of the map in the direction 
of the measured lines. They also give data for finding 
the inequality of the contraction or expansion of the map 
surfiebce or paper. If one of the scales of the map, ascer- 
tained as above, be selected as the scale for measurements, 
the measurements in the other directions may require 
correction. The correction may be made as follows : — 
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Let AB (fig. 60) be the selected scale direction 
without error, A and B being the identified well defined 

points. Let be another 
^8-«0- . well defined point. The 

paper lengths o£ AO, BG 
shonld be measured with the 
scale for the direction A B. 
These distances should be 
laid down, from their re- 
spective points A, Bf in the 
lines from these points in- 
tersecting in 0, Let the chain measurements fi^r the 
scale distances in these lines terminate at ccf. Then 
will Gc, Gcfhe the error due to unequal contraction or 
expansion. If the errors be inconsiderable, perpen- 
diculars to the measured lines should be erected at c d 
and traced to intersect in (7. Then will (7 be the 
position of the third point \sj scale measurements of the 
map, and G the true position ; G G wiU be the resultant 
error. The line GCj should be produced to eZ, which 
will lay down the resultant error line. G d should be 
measured on the ground, and the scale of the map in 
that direction ascertained. The map will, therefore, 
have two scales if it may have expanded or contracted 
unequally ; the one a primary scale for measurements in 
the direction A By the other a resultant scale for mea- 
surements ID. Gd and lines parallel to it. The magnetic 
angles of these directions should be measured, and also 
the angle GdB, 

A triangulation diagram should be laid down on the 
map, and also the survey of detail on its reference lines 
for transfer to the ground. Through the angular points 
of the diagram on the map, lines should be drawn parallel 
to ^ ^ and Gdfix) intersect these lines, or lines parallel 
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to them, as axes of co-ordinates, for the measnremeiits 
in which the scales shall have been ascertained. The 
origin of the axes of co-ordinates shonld be selected and 
the axes drawn. On these the corresponding proper scale 
measnrements shonld be made for the several angular 
points of the diagram. The angles of the several main 
triangles shonld be also measured with as much refine- 
ment and accuracy as practicable. 

The origin of the axis of co-ordinates should be de- 
termined by measurements on the ground, and the axes 
traced for the whole or any part of the district. [It may 
be here assumed that all the angular points shall be de- 
termined from the same axes of co-ordinates.] The proper 
measurements should be made in these axes, to determine 
the corresponding reference points of the ordinates inter- 
secting in the angular point. From these points the 
ordinates should be traced with the theodolite, and the 
point of intersection determined and marked with a 
snitable flag-pole, or other conspicuous object. When 
the angular points are all determined in this manner, the 
angles at each should be measured to verify the accnracy 
of the determinations, and afford data for computing the 
lengths of the sides. The scale and computed lengths 
of the sides being known, the error by scale shonld be 
proportioned over each line. 

From the diagram and map a field-book by scale should 
be constructed for the measurement of the detail. The 
reference points, lines, and other measurements on the 
field-book so constructed, should be laid down on the 
ground, making proper allowance for the errors by scale, 
if any. In this manner the position of the detail repre- 
sented on the map may be accurately determined. The 
measured points in the detail, by which the trace of the 
required detail will be laid down, should be marked on 
the ground. 
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Fig. 61. 



Latttddb. — Mbsidun Like. — ^Lonoitudb. 

In many localities, particularly in out-lying districts 
and the colonies, it may be desirable to ascertain the 
latitude (lat.), longitude (long.), and meridian line for 
some point or points in the district. These may be ascer- 
tained and determined in various ways. It is believed 
the following modes will be generally found the most 
convenient and best suited for the place and circum- 
stances. 
LatUvde, — ^In the annexed diagram (fig. 61) let ^ A be 

the sensible horizon of the observer 
at the place J., HH the true hori- 
zon, n 8 the axis, and o the centre, 
of the earth, e q the equator or zero 
of latitude, e A the lat. of the place. 
Now the quadrants en, AH are 
equal ; rejecting A n, we have n H 
equal to eA the latitude of the 
place. From this it may be seen 
that the measurement of the eleva^ 
tion of n will give the latitude of A. 
If 5 be a heavenly body observed 
from A, the measured altitude will he 8^ Ah, AS' being 
the tangent to the refracted ray 8 A, The angle 8 Ah 
is the true angle of altitude, and 8' A 8 the error due to 
atmospheric refraction. The error due to refraction is 
greatest at the horizon. It varies indirectly with the 
altitude, and vanishes when the latter is 90°, or at the 
zenith.* The angle 8 Ah ia the true observed angle, 
and 8oH the true angle of altitude. The latter 
angle is greater than the former by the angle oSA^ 




* See Appendix: — < Table of Atmospheric Befraction.' 
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the angle of parallax, subtending o A, the radius of the 
earth. It may be seen that, like refraction, the parallax 
is greatest at the horizon and vanishes at the zenith^ 
being inversely proportional to the angle of altitude.* It 
may be also seen that the errors due to refraction and 
parallax have opposite signs. The former should be 
subtracted, and the latter added to the observed altitude 
to find the true altitude. For a star the distance 08 
wiU be infinitely great, and therefore the parallax will 
be inappreciable. 

The point in the heavens round which a fixed star 
apparently revolves is a point in the prolongation of the 
earth's axis. As the observer's place on the earth 
travels in the circumference of a circle whose radius 
of generation is a perpendicular to the earth's axis, 
the apparent path of the star, without taking into con- 
sideration the effects of atmospheric re&action, will 
be a circle similarly situated to that described by the 
station of the observer. Hence the centre of the apparent 
circle described by the star wiU be a point in the pro- 
longation of the earth's axis. It follows &om this that 
if the superior and inferior angles of altitude of the path 
of a circumpolar star be measured and corrected for 
refraction, one half the difference of the corrected angles 
added to the lesser, or taken from the greater corrected 
angle, will give the latitude of the place. The less the 
difierence between the angles of altitude the less the 
error in estimating the refraction, and consequently the 
greater the accuracy with which the pole point will be 
determined. 

In measuring the superior and inferior angles of alti- 
tude, the star should be observed, continuously, with a 

* See table, ' Nautical Almanac,' 
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theodolite when, approaching its superior and inferior 
altitudes, until the increase or decrease in the angle be 
found to cease ; then the reading of the vertical limb 
will give the obsenred altitudes. 

In southern latitudes this mode of ascertaining the 
lat. cannot be applied, the prolongation of the axis of the 
earth being depressed below the horizon. In those lati- 
tudes the meridian altitude of a known fixed star near 
the zenith jghould be measured and corrected for refrac- 
tion ; and the declination of the star should be taken 
from the Nautical Almanac and added to the corrected 
zenith distance to find the latitude of the place. As the 
lat. is equal to the zeiiith distance plus or minus the 
declination, the sign minus should be taken when the 
star is between the equator and the horizon. This may 
not unfrequently be the case in low latitudes. 

If the meridian of the place be found as hereinafter de- 
scribed, the lat. may be found by observations of the sun, 
viz. : By measuring the meridian altitude of the upper or 
lower limb and correcting for refraction, parallax in alti- 
tude, and semi-diameter, to find the true meridian altitude 
of the sun's centre. The approximate longitude being 
known, the declination taken from the Nautical Almanac 
should be corrected for the place. Then lat. = zenith 
distance + declination. When the sun and place are on 
the same side of the equator, the sum of the zenith dis- 
tance and dec. should be taken ; but when on opposite 
sides of the equator, the difference of these arcs should 
be taken to find the latitude. 

The Meridiem Line. 

The meridian line may be determined by observation 
on a circumpolar star as follows: — The theodolite, or 
small transit instrument, should be set up in a clear 
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open space, and adjusted for observation before the star 
reaches its greatest apparent eastern or western de- 
parture, or elongation. The star should be continuously 
observed with the clamps tightened, until the motion 
round the vertical axis be found to cease. Then the 
star will be at its greatest elongation on that side of the 
meridian. The verniers 'on the horizonal limb should then 
be carefully read, and the reading entered. Again, when 
the star is approaching its greatest elongation on the 
opposite pai*t of its apparent circular path, the upper 
plate of the horizontal limb should be undamped, and 
the telescope directed to the star. The upper plate 
should be again clamped, and the star continuously 
observed by operating with the slow-motion screws to 
the vertical limb and the upper plate of the horizontal 
limb, until motion round the vertical axis be again found 
to cease ; then the star will be at its greatest elongation 
on this side of the meridian. The horizontal limb should 
be again read, and the reading entered. As the elonga- 
tions are equal, the upper plate should be undamped, 
and after being reclamped for half the recorded angle 
passed over, the vernier should be made to read this 
angle; then will the vertical limb be adjusted in the 
plane of the meridian, which plane may be now traced 
on the ground for the survey or other purposes. 

The meridian line may be approximately determined 
without the aid of a theodolite, or other angular instru- 
ment, as follows : — 

A flag-pole, or pole, should be erected on elevated 
ground, and a small lighted taper fitted on the top of it, 
when a circumpolar fixed star shall be approaching closely 
its greatest elongation from the meridian. The eye, at 
a low and remote station, should be brought into the line 
of the star and lighted taper produced by observing when 
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that abb' will be an isosceles triangle. The base b V 
should be measnred and bisected in the point 8, which 
will be a point in the meridian of a. The line a a will 
therefore be the meridian line required. 

The trace of the meridian may be accurately deter- 
mined in the day time as follows : — The sun's altitude 
should be taken with a theodolite about four hours 
before apparent noon, and the clamped horizontal limb 
read for the altitude. The sun's declination for the day 
should be taken from the Nautical Almanac, and the 
declination for the time found by proportionality. 
From this data the altitude for the afternoon observation 
may be also found without serious error. The vertical 
limb of the theodolite should be clamped at the computed 
altitude, and, in the afbemoon, at the approximate time 
for the altitude the sun's course should be followed 
(without disturbing the lower plate of the horizontal 
limb, which should remain clamped) until the altitude 
be reached and the sun properly observed. Then the 
horizontal limb should be read, the upper plate un- 
damped, and the vernier adjusted to the bisection of 
the angle passed over. This will adjust the vertical 
limb in the plane of the meridian. From the station of 
the theodolite, the meridian may be traced on this angle, 
and other angles may be measured to connect the meridian 
line with the lines of a survey, or with lines for other 
purposes. 

Longitude. — By Lunab Distances. 

For finding the longitude by lunar distances, the angles 
of altitudes of the sun, or star, and moon, and their 
distance apart, should be measured with sextants, with 
the least appreciable lapse of time. These readings and 
the day and time of observation should be noted. 
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Let m hj8 Jif (fig. 64) be the observed altitude of the 
moon and sun, or of the moon and 
a known star ; also let A be the 
zenith, JELS the horizon, and e q 
the eqnator ; o n the earth's axis, 
and sm the measured lunar dis- 
tance. The observed altitudes 
should be corrected for refraction, 
parallax, &c., to find the true altitudes m/ h^ s' h\ and 
their respective zenith distances m/ A, sf A. 

]^ow in the spherical triangle Am- 8 the three sides 
ahc are given, and therefore half their sum 8 is given. 
From these data the angle A may be computed from the 
formula — 

sin J ^ = ^ / sin (s-h) sin (g-c) r'« 
'v sin ftxsin c 

tani^ = A A"^(^.-^)s"^(^~^)^' 
'A/ sin 8 sin (« — a) 



or 



In the spherical triangle Aw/s^ the two sides 6'c', and 
the contained angle A are given to find tw'*', or a'. 

By the aid of an auxiliary arc or angle, a' may be found 
as follows. Let be the auxiliary angle. Then 

^^^tanb^cos^ And 
r 

cos a ( =m y )=^ ^ -» 

^ ' cos 

This gives the correct lunar distance by means of the 
cosines. 

The lunar distances are given in the Nautical Almanac 
for intervals of three hours, mean Greenwich time. If 

• Thomson's ' Trigonometzy/ ed. 2, p. 32. 
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the computed lunar distauce be found in the Almanac, 
the di£ference between the corresponding mean time and 
mean time of observation will be the longitude in time. 
If, however, the exact distance be not found, the difference 
between the next greater and lesser distances in the 
Almanac, corresponding to an interval of three hours, 
should be taken. The differenge between one of these 
distances and the computed distance should be also 
taken. From these data the interval of time correspond- 
ing to the latter difference may be computed. Galling 
the first difference d, the latter difference D, and the 
interval for this difference T, then 

(2:D:: 3: r, and 
d 

If ^ be the Almanac or Greenwich time for the Almanac 
distance selected for finding the difference 2), we have 
Greenwich mean time for computed lunar distance equal 
to ^+^* Putting If for the mean time of observation, 
we shall have (<+2')—Jlf= the longitude expressed in 
time. If If be greater than (<Hhr) the longitude will 
be east, and if less the longitude will be west. 

To COEEECT THE ClOCK. 

In the determination of longitude by lun^r distances 
described above, it is necessary to ascertain astronomi- 
jcaUy the going of the clock. To the clock's corrected 
going the ' equation of time,* given in the Nautical 
Almanac, should be applied for the time of observation 
to find the mean time of observation. The latitude of 
the place should be known. 

The altitude of the sun s (fig. 65) should be measured, 
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and the clock time of observation noted. The stui*s 
declination for the day should be taken 
out of the Nautical Almanac, and the 
declination for the time of observation 
found by proportionality of the in- 
tervals of time and differences of de- 
clination, ascending or descending as 
the case may be. The observed alti- 
tude of the sun should be corrected 
for refraction, parallax in altitude, and semi-diameter, as 
already explained. From the corrected altitudes and 
declination the correct zenith distance A & and comple- 
ment of the declination s n may be readily found. In 
the triangle Aan^ represents the time of observation 
from noon, and A n the complement of the latitude. 
The three sides of the spherical triangle are given. 

Adopting the usual notation, 8 := , the angle 

may be computed from the formula for sine or tangent, 
page 191. By converting the angle Q into time, it will 
express the solar time of observation from noon. This 
should be corrected for the * equation of time * for the 
day and time of observation, to obtain the mea/ii time of 
observation, which is the clock's true going. By eom- 
paring the observed clock time of observation with the 
computed time, the error of the clock, ' too fast ' or ' too 
slow,' will be ascertained. 
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PART II. 



CHAPTER VL 
OFFICE WOBK. 

fumna scstets — ^map hahsg. 

A HAP 18 a Tepreseiitatioii, an a plane snrfiioey of the 
feabires of distnct to a dimmished scale, as already 
stated. 

The scale of ibe map, or phin, may he convementl j 
expressed as the nmnerator of a fraction, whose de- 
nominator shall represent natnre. This expression of the 
scale is not true for the sorfiioey hat only for the lineal 
dimensions. Now if p represent ihe scale of a map, 
n p win represent natnre. Hence the ratio of the linear 
dimensions on the gronnd and on the nu^ will he, in 

general terms, -• This is sometimes written 1 in n. If 

n 

p he taken in feet, and n in chains, then, if p = I, 

and n ^ 30, the expression for this scale is sometimes 

written ' I ft. to 30 chains,' or * 2^ dliains to an inch.' 

The latter and more inelegant mode of stating the linear 

scale is rapidly fiedling into disuse. 

Ihstbuhbnts used fob Plotting. 

The instroments generally nsed in plotting are : Lines, 
of eqnal parts, £ar laying down linear and graduated 
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arcs, for laying down angi;ilar measurements. The 
former are called phtting scales, and the latter jyrotrao 
tors. The primary and secondary divisions on the plot- 
ting scales are graduated to represent the corresponding 
primary and secondary diyisions of the measuring in- 
struments used in the survey. The angular instruments 
for plotting and measuring angles are graduated alike, 
as the angular, unlike the linear measurements, are not 
affected by the scale of the map. 

The linear scales and protractors for sale are chiefly 
made of hard wood, bone, ivory, silver, brass, &c., and 
paper. The graduated sides of the scales and protractors 
are generally chamfered tio a moderately thin edge, the 
graduations being cut on the chamfered surface. The 
best scales are those which expand least with heat, have 
perfectly straight edges, and are neatly and accurately 
graduated. 

The following scales are required for plotting : — 
No. 1. A 12-inch scale, graduated to scale of map, for 
plotting reference lines — 3 (fig. 66), 

2. A 2-inch scale, for plotting perpendiculars, 

and the pencil drawing of connections for 
detail— 1 (fig. 66), 

3. A diagonal vernier scale, for giving the measure 

of lines to be laid down by dividers, or com- 
passes — 2 (fig. 66),* 

* The diagonal ftcale has the end primaij division divided into 
ten equal parts, on two extreme parallel lines. Between those lines 
other parallel lines are drawn, so as to divide the distance between 
these lines into ten eqnal parts. A line is drawn from the first, 
second, third, &c., division on the one extreme line to the zero, first, 
second, &;c., division on the other extreme line, respectively. The 
end subdivisions of the parallelogram space corresponding to the 
primary division are triangles, which are subdivided by lines parallel 
to the base. These parallel lines, in the small triangles, are pro- 

x2 
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4. A linear scale, with a slow-motion screw and 

vernier* arrangement for dividing the se- 
condary divisions into minnte subdivisions. 
The annexed illustration — 4 (fig. 66) shows 
this scale and the minute subdividing ar- 
rangement. The following brief description 
will suffice in this place: — The zero end 
has a clamp screw and a slow-motion screw 
adjustment. The needle point is placed di- 
rectly under the zero of the primary linear 
scale. The index, or zero, of the subdividing 
or vernier scale has its needle point adjusted 
directly under it, so that the needle points 
and the zeros of the scales shall be at equal 
distances apart. The vernier scale piece 
which slides on the beam is also famished 
with clamp and slow-motion screw arrange- 
ment for making the required subdivision or 
reading on the primary linear scale. From 
its construction ou a bar, or beam, this scale 
is usually called the * beam compass.' 

5. The (a) compass, or divider — 6 (fig. 66)^ is 

sometimes provided with a spring and screw 
arrangement, to facilitate the accurate ad- 
justments of the needle points to the divisions 
on the scale. 

6. A parallel ruler — 6 (fig. 66), for drawing 

parallel lines. 

7. An improved semicircular protractor (Hos- 

kold's), with radial projecting arm and 
vernier, not illustrated. 

portional to the corresponding divisions from the vertex, so that the 
difference between two consecutive parallel lines in the triangle will 

^^ i^vs^Ts) ^ 155^^ P*"^ ^^ *^® primary division. 

* For a description of the vernier arrangement, see chap, viii. 
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Pig. 66. 
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8. A complete proiracting circle^ with yemiera 

and extending arms. 

9. A semicirciiliir transparent protractor. 

10. A paper, pasteboard^ protracting circle. 

11. A station pointer. 

These instruments are made and sold by mathematical 
instnmient makers. They do not require particolar 
description, except perhaps No. 11. The station pointer 
consists of three radial bent arms, the outer two of 
which turn on a centre pin fixed in the third. The 
arms are famished with platina wire, or hair, radial lines. 
Ghradnated arcs are attached to the side, or outer, arms ; 
and verniers to the centre one. These are so adjusted 
that when the wires coincide, the zeros of the scales and 
indices of the corresponding verniers shall also coincide. 
The fixed centre is perforated to allow a pricker to pass 
through, and mark the centre point, or station. 

The edges of all linear scales should be perfectly 
straight, and the graduations equally spaced and evenly 
cut. The equal spacing may be verified by taking in the 
dividers a given distance on the scale, and applying it 
successively to the succeeding divisions of the scale. 
The equal graduations on the protractor may be examined 
by measuring a given angle on different parts of the 
graduated arc. 

In addition to the above-named instruments, good 
hard pencils, knife blades, indiarubber, set squares with 
straight edges, and a five-feet steel straight-edge, should 
be provided for office work. A straight-edge is known 
to be straight when a fine black trace drawn along it on 
a white even surface shall continuously coincide with 
the same edge directly applied to the other side of the 
traced line, without reversing the ends of the straight- 
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edge. In ploitmg, as in snrveying, all reference and 
other lines for measurements should be perfectly 
straight throughout. 

Mattebs BEQumma AiTENTioir. 

The office man should keep his hands and plotting 
scales clean, and avoid, as &r as practicable, leaning on 
the fair sheet of paper. The fair sheet should be always 
kept covered with tissue paper, except when and where 
the measurements are being plotted. The pencil points 
should be always kept pared to a fine sharp conical 
point. The scales, when adjusted, should be held in 
their position by a Hght confident pressure of the fingers 
of the left hand. The eye should be placed in the line 
of the graduation on the scale, and trained to trace 
accurately its prolongation to the paper. The pencil 
point mark — plotted point — should be for reference 
points, as light and well defined as practicable. The 
plotted points for reference lines should be, surrounded 
by a small circle neatly drawn by the hand. The pencil 
drawing of the plotted detail should be fine, firm, and 
well defined. The pencil traces of reference lines should 
be directly between their reference points, well defined, 
and as light and fine as practicable. The degree of fine- 
ness and distinctness should be such that when the detail 
shall be finely, neatly, and firmly outlined, the reference 
lines and points may not be seen, except on a dose inspec- 
tion of the map, or paper, surface. 

Plotting Triangles. 

For plotting a triangle from the lengths of its sides 
only, a fine pencil trace should be drawn on the paper 
along the edge of a straight-edge. A reference point 
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' dot ' — ^plotted point — sbonld be made in this line, to 
which the zero of the plotting scale shonld be applied 
when its edge shall be parallel to and almost oyer the 
pencil trace, so that the zero line of the graduations pro- 
duced shall intersect the reference point. The scale should 
be securely held in this position, and the scale distance 
for the length of a side plotted in * the line ' and in the 
production of the graduation ; i. e. in a line perpendicular 
to the reference line at that extremity of the distance, 
which, if not a graduation, should be determined by esti- 
mation. The length for the side may be otherwise 
plotted by properly adjusting the needle points on a 
*beam compass' to the reading for the measured distance, 
and laying the distance down directly by pricking at the 
same time with both points into the pencil trace. In the 
diagram (fig. 67) ah is the first plotted side of the tri- 
angle, a, &, being the plotted points. The split line refer- 
ence point d should be in the first plotted side. This point 
should be plotted, as above, jfrom the proper extremity of 
a &, and distinguished as a reference point. The lengths 
Fig. 67. of the other sides, ac^hc, and the split 
line c d should be successively taken in 
the 'beam compass,' and scribed from their 
respective plotted points in a &, as centres, 
* to intersect in c. The scribes so made will 

be found to have a common poiut of intersection if the 
several measurements be accurately made and correctly 
laid down. The lines for the plotted distances should 
be accurately drawn between their plotted extremities. 

If the triangle be laid down from computed distances, 
in which case there may not be a split line, as the verifi- 
cation shall be otherwise obtained, the vertex point, 
or point of intersection 'of the side-scribes, may be 
otherwise plotted as follows : — [For this purpose the 
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xneasnre of eacli angle should be known.] In the dia- 
gram (fig. 68) let a & be the first plotted side, and c the 
scribe plotted vertex. The angles adjacent to a & should 
be laid down with a protractor at their respective angular 
points, and their plotted lines produced to intersect. The 
point of intersection of the scribes should be found to be 
also the point of intersection of the lines hy angles, if the 
field and office measurements be correctly made. 

The angles may be more accurately laid down by 
means of a table of ncUiMral sines and cosines, and a linear 
scale, than with a protractor. The radius for the natural 
sines and cosines is taken as unity (r = l). To find the 
sine and cosine for any other radius B, the sine and cosine 
in the tables should be multiplied -p. gg 

by this radius ; the product will x^ ^^ 

be the sine or cosine required for 
the Hnear scale. Now, to lay down 
the angle 5, the reduced cosine of 
that angle should be plotted from h 
iaah, with the scale of equal parts. 
From the extremity of the cosine, 
remote from h, and also from the 
point hj the scale length of the re- 
duced sine, and also the scale length of R, should be 
scribed. A line drawn through h and the point of in- 
tersection of the scribes will lay down the angle corre- 
sponding to the sine and cosine in the table. The angle 
at a should be laid down in like manner, and the radius 
lines from a and h traced to meet in c, the vertex of the 
triangle. If the measured angle, or its supplement, be 
not found in the tables, the difiference between it and the 
next greater or lesser angle in the tables, and also the 
difference between the next greater and lesser angles, 
should be taken, and also the table difference of the sines' 

x3 
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and cosines. Calling the first-named difference (2, the 
second P, and the last or tabular difference D', the cor- 
responding tabular difference for d will be fonnd from 
the proportion — 

D:D'::d:i',or^^=±(2'. 

It may be observed that d' will be minus for the sines and 
phu for the cosines if^ in finding d, the next greater angle 
in the tables be taken. If the next lesser angle be taken 
instead, d' will be pins for sines and minus for cosines. 

If the latitude and longitude of the angular points be 
given for rectangular, or other, axes of co-ordinates, 
the triangle m&j be plotted as follows : — ^Let ox, oy 
(fig. 68) be the axes of co-ordinates. These should be 
laid down from o, the origin, to contain the angle made 
by these axes. The distances in these axes, or lat. and 
long., for the points a, e, 6, should be plotted from o. 
The plotted points will he x i^ x2 xS, in. ox, and y i, 
^2, ^3 in oy. Through the points x\, x2, x3, lines 
should be drawn parallel to o y, to intersect in the points 
a, c, h, lines drawn parallel to ox, through the correspond- 
ing points yhy^iV^' I^es joining the points a, h, c, 
will be the sides of the triangle, which should be found 
to measure on the scale the ascertained distance if the 
measurements and computations be correctly made and 
laid down. If the correct lengths of the sides be found 
by trigonometrical computation, the scale lengths should 
be found to correspond accurately with these distances, 
if the angular points be correctly plotted. 

It will frequently occur, particularly in surveys of 
extensive districts, that all the angular points of some 
triangles cannot be plotted on the same sheet of paper. 
In this case the plot of the outlying points, and the 
sides of their triangles, may be laid down as follows : — 
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In the diagram (fig. 69) let n i be a common sheet-edge 
line and A, B, C7, plotted angular points on sheet No. 1. 
It is required to plot the outlying angular points d, e, on 
sheet No. 2, and the sides of the triangles, intersected by 
the sheet edge, on both sheets. The straight sheet-edge 
line n 1, common to sheets Nos. 1 and 2, should be finely 
and elegantly drawn on both sheets. At A, B, and (7, 
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the angles of the intersected triangles should be laid 
down with a protractor, or with a scale of equal parts, 
from a table of natural sines and cosines, as already ex- 
plained. If convenient, the angles may be laid down on 
the opposite side of the angular points, as shown at A 
and B, The line A B should be produced to intersect 
n I and Cd vn. n and nl respectively. The side A n\ 
in the triangle A Gn', should be found by computation, 
and Bn measured. Through A a line es' should be 
drawn parallel to the sheet edge, and the angles and 
6 measured with a protractor, and otherwise found by 
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sines and cosines. The angle is equal to tihe angle n. 
In the triangle n n' 1 the side n rtf and the angles n, n\ are 
known. The other sides n' i, nl, may be fonnd by com- 
putation. The distance n' 1 should be also found bj scale 
measurement. In the triangle sBA the ^gles 6 and B 
and the side A B are known, from which As, sB, maj be 
computed. The triangle ABs should be plotted on A B, 
which will verify the laying down of the angle AB4. In 
like manner the triangle AGs' should be plotted on A (7, 
and Gsf laid down to verify the position of 1. In the 
triangle nAi the side nA and the adjacent angles are 
known ; the remaining sides should be found by compu- 
tation. In like manner the other distances from A to the 
points of intersection in n l, and the distances of these 
points from n and 1, should be computed to verify the 
plotted position of the intersected sides on sheet No. 1. 
On sheet No. 2, the points l, 2, 3, 4, n, should be plotted 
from the adjacent sheet-edge point, and on 3 4 and l 2 the 
triangles 3 4 6 and d2 1 should be laid down. The scale 
and computed lengths of de should be found to be in 
agreement. Then will the angular points <2, e, and the lines 
intersecting in them, be correctly plotted on sheet No. 2. 
K the lat. and long, of the ang^ular or trig, points be 
known, and the axes of co-ordinates be parallel to the 
sheet edges, the lat. and long, of the angular points of 
the latter may be very easily found. The lat. and long, 
of the trig, points may be reduced to the angular point 
of any sheet edge by simply deducting the lat. and long, 
of the sheet angle point from the corresponding lat. and 
long, of the trig, points. The trig, points on each sheet 
may be plotted from the lat. and long, reduced to the 
sheet angle, selected as the origin of the axis of co-ordi- 
nates, which axes should coincide with the sheet edges 
intersecting in the selected angular point. If the same 
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angular poilit be seleoted as the origin for a^*aoent 
sheets, the sign of the lat. or long, will be positive on 
one sheet and negative on the other. By laying down 
the angles at the plotted trig, points, the position of the 
lines intersecte4 by sheet edges will be oorreotly deter- 
mined. 

The plot on adjacent sheets may be differently made 
as follows : — The plot of the intersected triangles should 
be laid down, independently, and traced on tracing paper. 
The points on the trace corresponding to those already 
plotted on sheet No. 1 should be laid down on, and made 
to coincide with, those on the fair sheet. In this position 
the trace should be secured, and the sheet-edge lines 
traced on it. The intersected sides should be plotted on 
the fair sheet, with a pricker, at a point outside the sheet- 
edge Hne. The trace should be afterwards applied to 
sheet No. 2, and the traced sheet-edge lines made to coin- 
cide accurately with those on the ^r sheet. The trig, 
points and intersected lines on sheet No. 2 should be 
pricked or plotted to the &ir paper — the trace being 
securely held in this position. 

PlOTTIKG TrAYSRSB KBrBRSNOB LiNBS. 

The first reference line should be plotted as already 
described, and at the extreme point in which the second 
line intersects it the first measured angle should be laid 
down on the proper side of the plotted line. If the angles 
have been measured from a fixed line of direction, they 
may be all plotted at the first or any other angular point, 
care being taken to cipher, mark, or otherwise distin- 
guish them. To each of these marks should be written 
the page of the field-book on which the survey of the line 
and measurement of the angle shall have been entered. 
In this case the plotting should commence at the angular 
point selected for the plotting of the measured angles. 
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The direction of eacli lefeienoe line bo plotted may be 
transferred from the angnlar point selected for the plot 
of the angles to its position in the traverse hj means of 
the parallel ruler. The directions of the lines should be 
consecntiyely transferred, and their lengths plotted from 
the angular points. The length of each reference line 
should be plotted in its proper place before transferring 
the direction of the next Hne to its position at the ez- 
tremily of the adjacent plotted line. If the angles be 
measured independently, the plotting of the reference 
lines should follow the order and booking of the measure- 
ments, Le. plotting the angles at their respectiYe angular 
points. In the latter case, the angle or its supplement 
may be plotted as may be found convenient according 
to circumstances. The means for plotting angles has 
been abeady alluded to in the foregoing. K the angles 
be laid down with a protractor, its centre should be 
made to coincide with the angnlar point, when the * back 
reading' on the graduations of the protractor shall coin- 
cide with a point in the plotted reference line or reference 
line produced, and a point plotted to the forward read- 
ing on the graduations to mark the direction of the 
reference line to be plotted from the angular point. In 
plotting the angles with protractors having rotatory 
arms and verniers, the latter should be set to the for- 
ward reading before laying down the protractor to the 
angular point. 

The plotting of a traverse survey in which the angles 
have been measured from a fixed line of direction will be 
much feicilitated by the use of a X square, straight-edge, 
and the semicircular protractor, with central perforation, 
radial arm, and vernier.* The straight-edge may be the 

* It is believed Mr. Hoskold -was the first to direct attention to 
this arrangement for laying down angles to fixed lines of direction. 
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side of a drawing or other board, on which the paper 
shonld be extended and fixed hj pins or otherwise. By 
holding the head of the X square to the straight-edge of 
the board, at anj required place, its blade will determine 
corresponding parallel lines ; and hy laying the straight 
side of the semidrcnlar protractor to the side of the blade, 
so held, its zero will be adjusted to the fixed line of direc- 
tion. The motion of the radial arm is not very free, so 
that it may be adjusted in the hand to the reading for the 
angle on the graduated arc, and the protractor, afber being 
laid down on the paper, moved about and along the blade 
of the square to adjust its centre to the angular point, 
without disturbing the arm from its adjusted position. 
In this manner the angles may be plotted without pro- 
ducing the reference line. 

K the lat. and loug. of the ang^ular points, with re- 
ference to axes of co-ordinates, be computed, the angular 
points may be plotted, as already explained, and the 
verification of the plotted points had by a scale measure- 
ment of the plotted lines. This is the only mode of 
plotting the reference lines of a traverse survey in which 
a check is obtained on the plotter's work. 

Plottino the Secondabt Reference Lines of a 

Detail Tbianole. 

The reference points of secondary refsrence lines 
should be plotted on the primary reference lines, or on 
one another, from the zero end of the line on which they 
may be surveyed, as already described for plotting the 
reference point of the split line. The scale distance be- 
tween the plotted reference points of a secondary line 
should be found to agree with the measured distance, 
with an error not exceeding 1 in 1000 in fair open 
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coontry, and 1^ in 1000 in close country. Should these 
measurements differ by a greater amount than the above 
limit in the particular case, the straight line pencil trace 
should not be drawn between the reference points. The 
line should be entered on an * office error sheet,' which 
should state the scale and measured lengths of the line, 
the number of the 'plot sheet,' the triangle, and the 
book, X)age, &c., in which the measurements are entered. 
Other lines referenced to the reference point or points 
of the line in error should be plotted, to ascertain if 
the apparent error be due to erroneous measurements 
for the reference points. The apparent cause of error 
should be entered on the error sheet ; and, should the 
lines referred to the same reference point in error be 
found to plot to another point in the reference-point 
line, the scale measurement of this point should be also 
entered on the office error sheet. Further, if the re- 
ference point or points in error be not directly surveyed 
in the survey of their respective lines, the measurements 
for reference and the arithmetical reductions should be 
examined. If the error be due to an arithmetical blunder, 
the correction should be made without obliterating the 
original figures of the entry or the reduction. In many 
instances of apparent error, the measurements for the 
length of the reference line, and for the reference points, 
will have been accurately made though incorrectly en- 
tered. The points ^20, /80, &c., are distinguished by 
the same marks on the chain, so that a careless reading 
may make the measurement for a point at the former 
read the latter. Errors of this class should not be 
corrected in the office, as the error may be due to some 
other unapparent cause. 
In plotting reference lines for the yerification of field 
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measurements, great care should be taken to have the 
divisions of the scale equaUy lighted, and to make the 
scale measurements for reference points from the proper 
end of the Hne, as already directed. 

In addition to the * office error sheet,' there should be 
an error sheet for each book and triangle, to be forwarded 
-with the field-book to the surveyor for corrections. This 
sheet should give the book, page, and the line in error, 
together with some indication of the cause of error, 
without suggesting the probable amount. 

[The corrections for errors should be entered on the 
field-book without erasures or obliterating the original 
notes, which should be cancelled with a stroke of the 
pen.] The field-book and error sheet when corrected 
should be returned to the office, and the points and lines 
in error replotted from the corrected measurements. 

The subjoined are examples of office and field error 
sheets : — 

OFFICE ERROR SHEET. 



Plotter's name 



Date 



Book. 
Page. 



4» 

i 



a 



s 



I -§73 



I& 



■s 



^8 



TiiaiagiM, 



Obeenrations. 



406 
87 

406 
42 

406 
07 

406 
24 



2775 

8832 
2136 

8810 



2729 

8878 
2146 



1940 
2916 

3686 



2378 



4842 
2878 



4842 
2018 



4842 



4842 

2130 
8m 

907 



8904 
2410 



3904 



2478 



4842 



3878 



2478 



4842 

li 




Examine reference point 
and line 

Examine line 

Examine reference point 
and line 

Additions in error— enb- 
tractions not made 
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FIELD EBBOR SHEET. 

To A.B^ Suineyor. Bate 



Boole 

1 


Ubm. 


TiiMiglfli. 


^V^ ■■■■! mIImmm 


Page. 


406 

In 

406 

4S 

406 

57 


SIM 


Mma 
Linuuf 


ZarawiAie r^croioe jmmiIi and Itne. 

3473 

. Refeicnoe point (Jan. 4, 1864} 

484a 

ExambuUM, Line 3878 (Jan. 4, 

1864) 

ExambM reference poSmU oimI Uii«. 

3473 

Jan- 5, 1864) 

r Corrected in the fidd, 
\ Balta. Hubrga. 



The plot for the yerification of the secondary referenoe 
lines of each triangle should be made on a separate sheet 
of paper and preserved. The plot of the secondary re- 
ference lines on the fair paper for the map or plan should 
be made with equal care as that for the verification of 
the measurements of the reference lines. The plot on 
the separate sheet of paper should be made as soon as 
may be convenient after the survey of the triangle shall 
be completed. The plot on the map sheet should not 
be made until the detail of the triangle is about to be 
plotted. 

Plotting Detail. 

In plotting from the entries of measurements for re- 
ference lines or detail, the measurements should be laid 
down on paper in the order and manner indicated on 
the field-book. In plotting the reference and other 
points for perpendiculars and intersected detail, the long 
or line scale should be adjusted to the line and its ex- 
tremity, as abeady described for plotting the line or 
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reference points on it. Several consecntiye points, com- 
mencing at the zero, should be plotted in the line. The 
long scale shonld be then removed, and the small, or 
perpendicular scale, applied consecutively to the* points, 
being reference points, in such manner as to make the 
zero of the scale coincide with the plotted reference 
point when its edge shall be perpendicular to the re- 
ference line. The detail point should be plotted on the 
perpendicular scale and on the proper side of the re- 
ference line. The proper connections for detail, as 
shown by the field-book, should be made by drawing a 
neat and firm pencil line along the edge of the short 
scale adjusted successively to the adjacent detail points. 
All check measurement should be applied with the scale 
before drawing the detail in pencil. In this manner the 
whole of the measured points in the reference line and 
the detail should be plotted, and the connections clearly 
and elegantly made. In drawing the detail, the sketch- 
ing on the field-book should be looked upon simply as a 
guide for making connections, and not as a guide for 
features. 

Before plotting the detail on a reference line, the 
plotter should carefully examine for the reference point, 
which shall be the zero of the measurements with the 
scale, and afterwards be careM to plot the detail on 
the proper side of the reference line. It is a cause of 
much annoyance to find, and of serious error if not found, 
detail plotted on the wrong side, or from the wrong 
extremity, of a reference line. 

Plotting Vebtical Sections. — ^Altitudes measured 

WITH THE Level. 

On the section paper a fine pencil line should be drawn 
along a ' straight-edge ' to represent the datvm Une. On 
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this line tlie referenoe points for altitades (or, in oilier 
words, the measured horizontal distances for leyel points) 
should be plotted with the horizontal scale from a zero, 
or other reference point, as abeadj described for the 
plotting of reference points in reference lines. From 
these plotted points perpendiculars to the datum line 
should^ be drawn in pencil ; and on the perpendicular 
lines the reduced altitudes of the corresponding Bnr£EU» 
points should be plotted on the vertical scale, with its 
zero adjusted to the reference points in the datum line. 
A line drawn through the consecutive sur&bce, or level, 
points so plotted in the perpendiculars will be a correct 
representation of the Bur£Ebce line on a plane surface. 
The horizontal and vertical scales should be plotted and 
drawn in pencil. 

For the purpose of erectiDg perpendiculars, rectangular 
set squares are made and sold : such squares are gene- 
rallj used in the plotting of sections hj fixing a * straight* 
edge ' parallel to the datum line, and applying the one 
leg of the set square to it^ whilst the other is made to 
be on the reference point, from which the perpendicular 
m&j be drawn along the edge of the set square so ad- 
justed. 

For most practical purposes a minute scale measure- 
ment of the horizontal distances is of less importance 
than may be desirable for like measurements of the ver- 
tical distances or altitudes. For this reason the vertical 
is, in some cases, taken greater than the horizontal scale. 
In those cases the surface line on the plotted section 
is a distorted representation of the true feature. (See 
iUust. 71.) 
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PLornNQ Vertical Sections. — ^Levelling with the 

Theodolite. 

For levels taken witlx the theodolite as an angular 
instrument, the datmn line should be drawn as already 
described, and the computed consecutiye horizontal dis- 
tances for the corresponding inclines plotted in order 
on it. From the plotted points perpendiculars should 
be drawn to the datum line. The several computed 
vertical heights, or altitudes, reduced to the datum line 
should be plotted on the perpendiculars fix)m their 
respective reference pointe in this line. The consecutive 
altitude points so plotted should be joined by straight 
lines, which lines shall be the plotted reference inclined 
lines, or lines of collimation. The position and length 
of these lines may be verified by angular and scale 
measurements. The measurements with the chain for 
the several consecutive level pointe and their corre- 
sponding staff readings should be properly plotted on, and 
from, the reference Hne to obtain the feature points for 
the surface trace. A line drawn consecutively through 
these points will give the true representation of feature 
on a vertical section. An inspection of fig. 56 (p. 160) 
will make clear the manner of laying down the detail of 
surfax^e feature. 

Plotting Sections feom a Contoue Map. 

The contour map, for this purpose, should give the 
features of the surface configuration in suficient detail 
without serious error. On this map the line of section, 
such BS AB (fig. 72), should be drawn, and on the fair 
paper for vertical section should be drawn the datum 
line. The points in which the section line (A B) inter- 
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sects the contours should be measured on the scale of 
the map firom a zero point in that line. The measure- 
ment, by scale, of the points in the contour should be 
plotted on the datum line on the fair paper for section. 
To the horizontal scale through these plotted points in 
the datum line, perpendiculars should be drawn, and on 
these the reduced altitudes of their respective contour 
points should be plotted. These latter points will be 
points in the surface trace. By drawing a line through 
the surface plotted points, the surface trace of the line oi 
section will be correctly represented on the paper surfsbce 
or section. 

If the horizontal scale of the map and section be the 
same, the contour plane lines may be drawn on the sec- 
tion paper parallel to the section line on the map. If 
perpendiculars to the section line be drawn from the 
section-line contour points to intersect the corresponding 
contour or parallel lines on the section, the points of in- 
tersection will be surface contour points in a vertical 
section* lines drawn through these points will give the 
surface trace of the line of section on a vertical surface. 
The section A B (fig. 72) is obtained in this manner. On 
the map the blue lines represent the traces of vertically 
equidistant contours. On the section the corresponding 
traces on the vertical sur&ce, to the vertical scale, are 
also shown by blue lines. These are only for the purpose 
of showing ftdly the mode of obtaining the surface trace 
on the section. For practical purposes these parallel 
lines are only temporarily drawn in pencil until the sur- 
face trace shall be obtained, and drawn in ink together 
with a level or datum line. The perpendiculars from 
contour points on plan are also temporary pencil lines, 
drawn on the section for the purpose of illustration only. 
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Plotting Contoues. 

The reader who will have made himself fully acquainted 
with what is given in the preceding pages on the plotting 
of reference lines, reference and detail points, and the 
laying down of angles, will find little or no difficulty in 
laying down contour traces on maps, &c. If the contour 
points be surreyed with the chain, the contour will be 
obtained by drawing a free line of feature through the 
plotted points. If, however, the contour points be sur- 
veyed by the measurement of magnetic angles to known 
points, these angles should be laid down at the known 
points, and produced to meet in the contour point. In 
plotting contours, the square and semicircular protractor 
may be used with advantage. The carrying-points 
should be surrounded by a small hand-drawn circle, to 
distinguish it from the other contour points, which 
latter should be so plotted as to be distinguishable in the 
trace or contour line. 

PLOTTEffG Sounded Points in Submbegbd Districts. 

The plotting of the adjacent dry-land preliminary 
survey should be conducted as already explained: it 
only remains to explain the modes for plotting the 
sounded points. For angles measured with theodolites 
at dry-land points, the angles should be laid down at 
these points, and the lines produced to meet in the 
sounded point on the map. If the angles be measured 
on water, with a sextant, the arcs of the station pointer 
should be adjusted to read these measured angles. Then 
the pointer, without disturbing the angular adjustment, 
should be laid to the plotted points of the observed ob- 
jects, so as to apply accurately the hair lines to their re- 
spective object points on the map. A prick into the map 
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Bor&ce, througli the centre of the pointer, when it is so 
adjusted, will correctly plot the sounded point. If the 
measnred angles be the angles made with the magnetic 
meridian (measnred with the magnetic compass), the 
angles should be laid down at the plotted points of the 
observed land objects, and 'the lines, so plotted, pro- 
duced to meet in the sounded point. Intermediate 
points in a straight line (the extremities of which shall 
be plotted as above) may be plotted when the observed 
data shall be the observed times of arriving at the 
sounded points, the sailing being uniform, by dividing 
the whole distance proportionally to the whole time 
and the observed intermediate intervals of time for the 
sounded points. This may be mechanically done as 
follows : — Let A and B (fig. 73) represent the extreme 

points determined by angles and 
' • plotted as above. From J., the 
first point in the order of time, a 
line A G should be drawn in any 
convenient direction, making an 
acute angle with A B, On A C 
the times of observation, l, 2, 3, 4, 6, &c., 0, for the 
soundings, should be plotted &om Ay with a scale of 
equal parts. Then will represent the observed time 
for the determination of B, By adjusting the edge of a 
parallel ruler to JB (7, parallel Hues should be drawn along 
its edge when adjusted to the plotted points in A 0^ to 
intersect and divide AB proportionally to AC. The 
points so determined in AB will be the required inter- 
mediate sounded points on the map. 

Tracing paper, on which the measured angles shall be 
plotted to the same point, may be used as a substitute 
for the station pointer. The soimded point determined 
by angles measured with the sextant may be plotted by 
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describing circles on tlie land object lines as chords, to 
contain segmental angles equal to the measured angles. 
These circles will intersect in the common land object 
point and the sounded point. To plot the sounded point 
in this manner requires the problem, * to describe on a 
given line a segment of a circle which shall contain a 
given angle,' to be solved by construction. This method 
is, therefore, less convenient than the other methods 
described. 

Plotting Mining Surveys. 

The plotting of underground district surveys does not 
require a detailed description in this place. The reader 
who will have made himself acquainted with what is 
given in the foregoing pages on plotting traverse surveys 
and theodolite surveys for vertical sections, will not find 
any difficulty in plotting on plan or section the survey 
of an underground district. 

[In all cases and on all maps and sections, particularly 
en those for preservation, before proceeding with the 
plot of the lines or details the scale should be plotted 
near two adjacent edges of the fair paper.] 

CoFTiNG Maps or Plans. 

Any of the following methods for copying maps may 
be adopted according to circumstances : — 

I. JBy trace on trcmsparent paper. — The map or plan to 
be copied should be fully extended on a flat 
surface, face upwards. Over the map to be copied 
tracing paper should be kept fully extended by 
weights or otherwise. As the details on the map 
or plan will be visible through the copy paper, 
an accurate trace, in ink, of the details on the 
former may be directly drawn on the latter. 

L 
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If it be desirable to obtain a copy on strong 
paper, the copy on tracing, or transparent, paper 
should be kept extended on the fair sheet by 
weights or otherwise. Between the trace copy 
and the fair sheet, before being so extended, there 
should be interposed light blackleaded tissue 
paper, with blacklead surface to fedr sheet. By 
following accurately the details on the trace with 
a hard tracing point held nearly perpendicular, a 
correct copy, in blacldead, will be transferred to 
the fair sheet, which may be afterwards drawn 
in ink. 
n. By trace on the fair sheet — The map or plan to be 
copied should be extended on copying glass (glass 
table), over which the fair sheet should be kept 
extended by weights or otherwise. The copying 
glass should be so placed at a well lighted window, 
and the admission of light to the room should be 
so regulated, that the only light admitted to the 
apartment shall be through the copying glass, 
which glass should be nearly horizontal. To in- 
crease the illumination of the copying glass, a 
mirror may be placed under it to reflect oblique 
rays of light to it. The degree of illumination 
may, if required, be still farther increased by 
suspending in the rays of the sun a large glass 
globe, filled with clear water, to converge the 
sun's rays, which may be thrown by the re- 
flector on the copying glass at the part re- 
quiring a powerful concentrated illumination. 
The light entering the darkened apartment 
through the map and &ir sheet will make the 
detail on the former distinctly visible through the 
latter. By keeping the eye perpendicular to the 
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paper surface tuider trace, so as to avoid tbe in- 
trodnction of errors due to parallax, the trace of 
the detail may be directly drawn in ink on the 
fair paper, 
m. By pricking through feaiv/re points, — ^If the map 
be extended over the fair sheet, and secured in 
its place by weights or otherwise, the position of 
the detail on the former may be transferred to the 
latter by pricking through, with a fine needle 
point, the angular and other feature points in the 
detail to be copied. After the feature points are 
thus transferred, it will be necessary to draw the 
connections in pencil for comparison with the 
original map before drawing the copy in ink. 
The needle point, when used for this purpose, 
should be held perpendicular to the surface of the 
paper. 

[The map copied will be injured to such an 
extent as to make this mode objectionable for the 
copying of highly finished or valuable maps.] 

Reducing (Enlarging or Diminishing) Maps. 

All maps of the same parcel or district, to whatever 

scale they may be laid down, are equiangular. It may 

be therefore seen that as the linear dimensions only vary 

with the scale of the map, mechanical contrivances may 

be constructed to aid in the rapid reduction of maps 

however complicated in detail. For reducing maps from 

one given scale to another given scale, the mechanical 

contrivance must have the tracing points for the maps 

in the same plane and straight line round an axis point 

on which they shall turn. They may be on the same or 

opposite sides of this axis. The following explanation 

l2 
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will enable the reader to nnderstand more clearly the 
general principle of construction. 

Let a' V^ 2 2, (fig. 74) be straight lines intersecting in 

c. If through 2 2 parallel 
** ' lines be drawn to intersect 

of V in. a' and 6^, the propor- 
tion 2c:c2:: a'clcV will 
obtain. And if 2c be to cl 
in the ratio of the given scales, then will a' c and c & be 
in the same ratio, the lines a 1, & 1 being parallel, to 2 &% 
2 a\ If 2 c, c 2, be eqnal, then a! c^cV will be also equal, 
and &' c, "be will be in the given ratio. It may be also 
seen that & 2, & 1 will also be in the given ratio. 

The mechanical arrangement must provide for keeping 
the parts corresponding to a 1, 2 2>' always parallel, and 
the extremities of these lines in straight lines intersect- 
ing in the centre c. The following are of this class : — 

The pantagraph (fig. 75) is a jointed rhombus, having 
two adjacent sides prolonged. The tracing points may 
be placed at P, I?, on opposite sides of the centre (7, or 
at 5, C, if D be made the fixed centre. The opposite 

sides (J. &, G di) of the parallelogram shall 
be always parallel. The fixed centre point 
CjiaCd, and the tracing points B, D, in 
the prolonged sides are adjustable, so that 
they shall be in a straight line parallel to 
the diagonal hd, for all values of the 
angle A. In this instrument the similar 
triangles of the construction are VCdjDBA. If Ad^ 
d D, be made to have the given ratio, then hB, Gd will 
be each equal to Dd, when BGD shall be a straight line 
parallel ix)hd; and hence B G, GV, shall be in the given 
ratio. In this case, if one tracing point be placed at D, 
the Other should be placed at B^ and the fixed centre at (7, 
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K however AD, Ddhe made to have the given ratio, D 
should be made the fixed centre, and OB, the tracing 
points. 

The points B, G, D, are known to be in the same straight 
line, and the tracing and centre points properly adjusted, 
when the steel tracing point, carried along a straight 
line of a given length, shall cause the pencil tracing point 
to draw a straight line, which should be found to be to 
the given line in the given ratio. The pencil point, 
when made to revolve in its socket, held fixed, will 
describe a circle trace on the paper if the tracing point 
be not in the axis of the socket. When the pencil 
point shall be adjusted truly in this axis, the trace on 
the paper for a revolution of the pencil in its socket will 
be a point. The pencil tracing point is usually pro- 
vided with a pressure cup for small weights to keep the 
point on the paper. The number of joints and parts, 
together with the weight of this instrument, renders its 
use questionable, even in skilful hands, except for ap- 
proximations. 

The eidograph is a much less complicated mechanical 
contrivance thap the pantagraph. It consists of a single 
bar A B (fig. 76) fitted free on an adjust- 
able centre c, which may be made to 
divide the given bar AB in the given 
ratio. At the measured extremities of 
A B are placed two equal drums, having 
their axes perpendicular to A B, and in ^ 

the straight line AcB. Qraduated arms ma, ma' pass 
through slots, fitted with clamp screws, in the drums 
A B, and carrying sockets for tracing points at their 
extremities a a'. The drums carry a flexible steel band, 
with tightening screw adjustment for securing the points 
a c a' m the same straight line, when A a shall be to 
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B a' in the given ratio- -i.e., Aa : AcllBa' I Be. When 
this is so, the bars ma' ma shall be parallel. The vari- 
able line a' ca shall be also divided in the given ratio in 
the fixed centre c. 

The verification of the parallelism of the bars mama^, 
and the adjustment of the tracing and centre points to the 
same straight line, should be made as already described 
for the pantagraph. Like the latter instrument, ihe 
eidograph &.ils to give the reductions with sufficient 
accuracy for ascertaining distances from the reduced 
map for some engineering and other purposes. 

If on opposite sides of a fixed centre, carrying a socket 
plate and clamp screws, two scales of equal parts, the 
graduations of which shall be to one another in the 
given ratio, be securely clamped on opposite sides of the 
fixed centre, with their graduated edges in a straight 
line passing through that centre, and also their zeros of 
graduations coinciding at the centre, the readings for 
detail on the one scale may be plotted on the other with 
as much accuracy as detail can be ' scaled ' and measure- 
ments plotted. The detail plotted on the &ir sheet 
should be drawn as on an original map. This arrange- 
ment, partly mechanical, is found in practice to be the 
most satisfactory and expeditious mode for the accurate 
reduction of maps. 

Maps may be otherwise reduced by the construction 
of numerous similar figures, in the given ratio, on the 
map and fair sheet. The points of intersection of detail 
by the lines of the construction, and other points of the 
detail, may be determined by inspection on the corre- 
sponding lines and figures on the fair sheet. The detail 
drawn on the fair sheet to connect the points correspond- 
ing to the feature and other detail points of the map 
will be the required reduction. If the position and 



VEBIFICATION AND EXAMINATION OF HAPS. 228 

measarement for detail be obtained, with a scale, on the 
constmction lines of the map, and those measurements 
be laid down with a scale on corresponding lines on 
the fair sheet, which shall be to the other in the given 
ratio, the detail so laid down on the fair sheet will be 
more accurately reduced than when the reduction is 
made by inspection. 

The similar figures of the construction may be squares 
or triangles. Laying down accurately the correspond- 
ing constructions is not altogether free from liability 
to error. 

Verification op Plotted Detail, — Examinations. 

The duties of the ' examiner ' are to ascertain on the 
ground the correctness of the map representation made 
from the survey ; to make the necessary corrections for 
omissions and detail in error ; to give, in position and 
character, civil boundaries, 4&c., water, marsh, moor, 
vegetable and geological features, and permanent arti- 
ficial erections ; and to give also the descriptive names 
of places and things, or other desirable information. 

That part of the duties of the examiner relating to the 
verification of the plotted detail has been abeady ex- 
plained in connection with the identification of district 
by map, chapter V. The other duties are chiefly met by 
an inspection of the district and parcels, except in the 
determination of the position of isolated trees, which 
should be given in character. The topographical cha- 
racter of marshes, bogs, mountains, rough pasture, woods, 
water, Sdc,, should be tinted and drawn in character on 
* trace ' (see illust. 77). If required, the hill sketching 
should be also supplied on the examiner's * trace.' 

Generally, the examiner should not make moi*e than 
about three or four days' examination in the field before 



224 ON LAND SUEVETING. 

' inking in ' the corrections and omissions in red, and 
drawing the special features in character. The character 
shown on the illustration is that generally adopted for 
cadestral parcel and topographical maps.* These are : — 
Water, blue ; Deep Bogs or Peat Beds, brown etching 
and blue lines ; Marshes, reed and rash etching and 
blue lines ; Rough Pasture, black etching ; Woods, 
Underwoods, &c., as shown ; erections in masonry, red ; 
Boundaries as described on illustration. The descrip- 
tive names should be elegantly written, in character, on 
parallels of latitude. 

On the examiner's trace being returned to the office, the 
plotter should replot from the field notes of the surveyor 
the detail corrected, and seek the cause of error. If the 
error be one in the plotting of the detail, the latter should 
be plotted from the surveyor's field-book. If the error 
be due to defective or erroneous measurements, the 
corrected detail should be plotted on the fair sheet from 
the examiner's * trace.' 

Map Drawing. 

The detail sheet to be drawn should be placed under a 
full, but not diffused light, and kept as clean as may be 
practicable. The materials and drawing instruments 
should be suitable for the purpose. Besides these, the 
draughtsman should be provided with the graduated 
scale for the map, the surveyor's field-book and the 
examiner's corrected ' trace ' copy of the plotted detail, 
pencils, &c. 

Before proceeding to draw in ink, all corrections on the 
examiner's ' trace ' should be examined by the draughts- 

* The delineations of character which should be shown in the 
colours referred to are printed in black from engraving. 
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man, in connection with, the anrveyor's field-book, so that 
the final plot of the corrections shall be properly made 
or verified by him. All details on the examiner's ' trace * 
should be transferred to the map by plotting before 
drawing in ink the surrounding detail, in order that the 
detail be plotted before any of the reference points shall 
be obliterated. 

The drawing-point selected by different draughtsmen, 
and classes of draughtsmen, requires some attention. 
Some prefer a sharpened steel pen point, others prefer a 
crowquill pen point, whilst many, and those the least 
skilfol, prefer the steel bow pen. for drawing the detail 
outline on a map or section. Of these, the steel pen 
point, properly ground and skilftdly used along the edge 
of an ivory scale, will give a finer, deeper tinted, and 
more elegantly finished outline than any of the other line 
drawing points or instruments referred to. In drawing 
outline with a fine, or ground, steel pen pointy skilful 
draughtsmen proceed continuously along the pencil- 
drawn detail by partly repeated touches with the pen 
point, so held to the scale edge, that the divided points of 
the pen may follow partly in the same track. Each 
touch is generally made about one-thirtieth of an inch 
in length, the touch beginning and ending fine, and ad- 
vancing the line by rather less than half that length. 
Lines, whether straight or curved, when drawn in this 
manner, will be uniform in depth of tint and thickness of 
line. The junctions of detail are shown clearer, sharper, 
and better defined than these parts are drawn with the 
other line drawing points, particularly the bow pen. 
For many purposes, particularly for rough drawings, the 
bow pen is the better line drawing point. The dots for 
representing undefined detail should be longish and 

level throughout. 

1.3 
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The representation of v^petation and other like saper- 
snrface objects shown on the examiner's trace, Bhoald 
i)e drawn in character, as represented on the annexed 
map (illnst. 77). On plans, or maps to a small scale, 
it is generallj preferred to give the bold representa- 
tion of leading snper-snrface features in elevation, at- 
tending at the same time to the characteristic of indi- 
vidnal classes of vegetation. On plans to a large scale, 
the saper-sorfiice features are generallj drawn in plan. 
Boundary and other lines (see iUust. 77) should be 
drawn as shown on the examiner's corrected ' trace.' 

Letter-writing should be elegantl j executed in lines 
paraUel to the top or bottom of the map sheet edge. 
The sheet edge lines should be drawn straight^ firm, 
light, and well-defined. 

The meridian line should be drawn on the title page 
map, to show the angles it makes with the sheet edges. 
The scale should be drawn, on each sheet, where plotted. 

Hill Shading. 

Shading for the representation of surface configura- 
tion is not advisable, except on geographical maps to a 
small scale, on which, with some important exceptions, 
artificial detaQ is generallj omitted. Two principal de- 
vices for representing surface configuration bj shading 
have been more or less adopted. The older, more easily 
drawn, less reliable, and less expressive, consists in 
drawing short lines, approximately normal to a horizon- 
tal in the surface, of depth and closeness proportional 
to the inclination of the surface. These lines represent 
the surface water lines, which accurately indicate the 
direction, but not the degree, of inclination. The light 
is supposed to be vertical ; as, however, the observer never 
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sees a physical surface of considerable extent nnder a 
vertical light, the surface shading is generally drawn as 
for an oblique light. The accuracy of the representation 
of surface configuration is thus farther vitiated, as for the 
same inclination, there is a difference in the depth of shade 
depending on the position in relation to the light. The 
more recently adopted and expressive device for the re- 
presentation of feature may be called contour shading, 
which consists in drawing continuous horizontal lines 
of equal depth, the number of such lines being made 
to represent the angle of surface inclination. The map 
would be a hand-sketched contour map, with a ftilness 
of expression depending on the greater number of lines 
to express the inclination of a given surface. Surface 
shading by the latter device, although much more ex- 
pressive than the former, requires greater skill in the 
execution, as a false feature will be given by a careless 
drawing of the horizontal lines; but no such false 
expression will be given by a like drawing of the short 
broken lines, and hence the insufl&ciency of the older 
device for the representation of surface configuration. 

Drawing Sections. 

The datum line, which may be that drawn in pencil, or 
a line parallel to it, should be drawn a fine, well-defined, 
deep carmine red line. The vertical lines should be 
dra,wn in brown, and the surface line in black. The 
(new) surface line for contemplated works should be 
shown, if in black, by an undefined line ; if in red, by a 
defined line. These lines may be seen engraved by an 
inspection of illust. 71, which shows a plan and corre- 
sponding section with line of projected works. 

It will depend on the use to be made of the section to 
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what extent the datum distance of level points shonld be 
expressed bj figures written on their respectiye vertical 
b'nes. For working drawings, each reduced altitude, or 
datum distance, is generaUy figured on their respective 
vertical lines on the section. A short description of re- 
markable or important sur&ce points should be written 
to them to facilitate identification and inspection.* The 
horizontal and vertical scales should be neatly drawn and 
fiiUy described in writing. 

Dbawikg Contours. 

The drawing of contours differs somewhat from 
drawing ordinary detail, in so fisur as each contour point 
should be shown by a small black dot, and each carrying 
point by a like dot surrounded with a small circle in 
black. The line joining adjacent points should be true 
lines of feature. These lines should be drawn in light 
blue, and of a broken or slightly undefined character for 
representation. The contour lines should be readily 
traceable, but not conspicuous. (See contour map, 
iUust. 72). 

In the continental countries, which have adopted the 
French topographical system, contour lines are generally 
drawn continuous, a broad but faint line of colour. 

* Sections of works for Parliamentary purposes require to comply 
with ' Standing Orders ' of both the Lords and Commons, which are 
altered from time to time. 
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CHAPTER Vn. 

OFFICE WOEK. — COMPUTATIONS. 

[Note. — In writing the foregoing pages, it was jndged more ad- 
visable not to break the continuity of the descriptions by the intro- 
duction of arithmetical computations, or the frequent discussion of 
mathematical formula. The discussion of general mathematical for- 
mula should be sought in mathematical books for the purpose, in 
which the details of the proofs may be found. The needless multi- 
plication of arithmetical ez£(mples, to meet every possible case in 
the application of formula to practice, would not be an advantage. 
It is believed the reader who will have made himself fiilly under- 
stand what is given in this Chapter will find little or no difficulty 
in approaching and conducting computations for all other cases, or 
applications, of the formula. As many of the computations will be 
made with the aid of logarithms, there will appear, occasionally, 
notes and observations unnecessary for those fully acquainted with 
the construction and use of logarithmetic tables.] 

Inclined Planes, &c. 

1. To find the horizontal distance and altitude, or 
vertical height, corresponding to a given angle of inclina- 
tion and a given distance or length on the incline — 

Let I (figs. 1, 56, pp. 13, 160) represent the distance on the incline, 
h the corresponding altitude or vertical height, 
H the horizontal distance. 

And the angle of inclination. 

Now from trigonometry for the radins 1, fi"= Z cos 6 . 
and ^ = Z sin 0. By supplying the radius r for logarithms 
these become-* 

^=^-£21?; and hJ-^ respectively. 
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The logarithmetic expressions for these formula are-^> 
log R^ log ^ -f log cos 0— 10, and log A ^log / + log sin 0— 10. 

For a particular application of the formula let Z s 400 
and ^ = 14° 28' 40". Then by the formula for the 
radius 1 — ^taking natural sines and cosines — H=400 x 
nat cos 14*» 28' 40", and A=400 xnat sin 14° 28' 40". 

nat cos 14° 28' 40^^ (from the tables) -0*96806. 
nat sin 14° 28' 40" (fiom the tables) *- 0*25001. 

And 0*96806 x 400 « 387*224, the horizontal distance H, 

Also 0*26001 X 400b 100*04, the altitude A. 



Taldng logarithms. To find H. 

log 400 (-0- 2*6020600 

logcosl4<>28'40"- 9*9859851 



-logr 

log 387*3 (-^ 



12*5880451 
10*0000000 

2*5880451 



To find K 
log 400 =r 2*602,0600 

log sin 14° 28' 40" » 9*397,9478 
—logr «10' 

log 100*002 (-A)= 2*000,0078 



Note. — The log. radius 10 may be subtracted by de- 
ducting 1 from the second place of the index of the 
sum of the logarithms without writing out the operation 
in full. 

2. Tracing straight lines past obstructions. Finding 
inaccessible distances. (See illustration 3.) 
To find the point a! — 



Formula. Vd^ 



dd' 



(p. 24). 



Let if a-60, PP'b300, and <2<f «100. Then 

Pfl' ( = 300 X 60 ^ 100) « 180, the distance of of from i>. 

To find a' 



FormnU. g'g^. ^^^/^' (p. 24).^ 

ad • 

Taking the distances as above, and dd = 90. We find — 
a' c ( e 90 X 60 -r40) « 135, the distance of o from a'. 
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To find the inaccessible distance a a'—- 

Let ma== 290, m ef » 800, and Pdf ^ 240. Then» 

a a' ( = 290 x 240 + 300) » 232, the inaccessible distance. 

.S. Reference point. Split line. Perpendicular and 
area of triangle (fig. 4). 

The formnla are — 

^^a'+^-c'^ »=(P + w«-6«)i, and/=(6«-fln»)J (p. 26). 

In these formula — 

Let a»500, 6=400, <?»700, and ^=282-3. Then, 

m(«(250000 + 160000 -.490000)-^1400)s285'70 nearly, 
«(«(80871-+81629--160000)J)«60. And 
9i» + » ( = 285*7 4- 60) « 335*7, the distance of the reference 
point d from the angnlar point C 

Let n be given = 50 ; to find I — 

I ( « (160000 + 2600- 81629)J) « 282*3 : 

To find the perpendicular — 

p =(P-n«)j. Then 

^( = (80871-2600)»)=279 8 nearly. 

And to find the area A — 

279*8 X 600 



(='-^-) 



-J or ^« 69960 nearly. 



4. Inaccessible distances (fig. 14): — 

For this method the formula are-—' 

^^ hmxmm'^^^ amxmm' ^, 
mn ^ T- — , or mn = — , or 

jP u pa 

mw^^-ll^^-mvi (p. 42). 
c 3 

In these formula let the giyen distances be — 

6m » 240, mm'alll, 66'»200, am« 110, and aa's 161*8 
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From these the following are fonnd by obyioos 

reductioiis :— 

pl/^S9,Bndpa''» 40-8. Then 

m«(=240xlll+89) -299-327^3 inaccessible distance. 
Or mn (^110 x lll+40'8)::=299-327/ 

Again, let v^ 1-115, v,2 » 162*27, Va^ » 196*33, v^v^ » 110 
andt;it;,(i-cl) - 240. 

From these the following ore fonnd by obvions reduc- 
tions : — 

c 3 - 81-33 and </2 » 37'27. Then 
t;,n ( = 116x240-H81-S3) = 339.5| ^^ ^j^^^ 
or «! n (- 116 X 110-f-37-27)-339-4 J * 

And m n («> 339*4— 40) « 299*4, the inaccessible distance as above. 

5. Inaccessible distances (fig. 15). 

Angles measured with a theodolite. The formula is 
cot 0=jp (p. 44). Supplying the radius r, and taking 
logarithms, we have — 

log cot 0»log;} + lO. And when o ' // 

^-1, log 1 + 10 (» 10*0000000) « log cot <t> then 0^45 

^=2, Iog2 + 10(=sl0*3010300)-logcot^ „ ^ = 26 3 64 

p»3, log 3 + 10 (« 10*4771212) slug cot ^ „ ^ = 18 26 6 

^=4, log4+10(»10'6020600)c-logcot^ „ 4»«14 2 10^ 

^»6, log 6 +10 ( = 10*6989700) slog cot (^ „ <>»11 18 36*8 

j)»-6, log 6 + 10 (»10*7781613)«log cot ^ „ ip= 9 27 44*28 

6. Spherical excess. Spherical triangles, area, &c. 
The formula for * spherical excess ' (e) is — 

tan I e — tan J « tan i (« -a) tan J («— 6) tan J (»— c)* (p. 83). 

Let the sides of a spherical triangle be expressed in. 
degrees, and let 

a=40 30^ 0", 6=2<> 30' 0", and c=Z^ (f OT. Then ««6° 0' 0^ 
J («-a)=0O ly 0", i («-6)-lo ly 0", i (»-c)=l<> 0' 0". 



* Thomson's Trigonometry, ed. 2 p. 66. 
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By substituting these values in tlie formula, supplying 
the radius r^ and taking logarithms, w& have : — 



log tan i « » 8*6400931 

log tan (8 -a) = 7*6398201 

log tan (s-b) » 8*3388663 

log tan (8--c) B 8*2419215 



2)32*8606910 



i sum - 10 =s 6-4303456 
(=ilog tan J e) 
« ( = 0° ' 66" X 4) ss 0° 3' 42"-263 



log tan 0° 0' 66^* - 6*4269376 
log tan ^0 -B 6*4303455 



-44079 
78253 



diff. logs. sa — 

diff. logs fop 1" - - 

Then ^^52?«0"*663. And 
78253 

55 
+ 0-663 



To find the area (-4) : — 

From page 62 the spherical excess, e =s 



55*563=^0 

A X 180 



From Geometry we have tt r = 



27r X 2r 



4 



, ;ivhich is an ex- 



pression for the fourth part of the sur&ce of a sphere ; but 
TT r is the area of a great circle, and hence the area of a 
sphere is four times the area of a great circle. And &om 

the formula we have ^1="!;!^, e being expressed in 

degrees. 

Let the disoneter of the earth, for mean surface, be 

7,916 miles, hence r=3958. 

Roughly let r x 3*1416* -ir. Then 

r*x 3*1416 x« 



irr«r«x8-1416, and -4« 

* 180 

e = Oo 3' 42-262" 
Op « = 0® 3'*7042 



2 X log r « 7;1949616 

log e « 2-7906455 

log 3-1416= 0-4971609 



5*4826470 
log 180 = 2*2552726 



Op « =. 00-061737 nearly. 



log A » 3*1273745 

log 1340*8 » 3640 nearest tab. log; 

diff. logs « 106 ooppesponding to 0*04 

/. A ( = 1340-8 + 0-04) -1340-84 squape mUee. 

* It wonld be more coprect to take 3*1415926536 for 3*1416. 
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7. To find the difference of altitude from vertical 
angles (fig. 21). . 

For this purpose the formula are : — 

JBncot«-5C;and ^^ ^ «r^(7(p. 66). 

cos <l> 

Let Bn^ZO miloa, ««0® 26' 03''-42, ^-10<» 20' 36"-2, and 

e= 10® 6' 20". Then taking logarithms :— 



log Bn ^ 1-4771212 
log cot « 

-10 - 21203371 



log cot 0° 26' 0^ = 12-1212923 

diff. for I" - 2793 

diff. for 3"-42 = 9552 



log BC ^ 8-5974583 - 3957*9 log cot 0® 26' 3".42 121203371 
8. To estimate the approximate error due to mter-at- 
mospheric refraction we have r=^ (G Ah + Z — I) B a) 
(fig. 22, p. 67). In this formula 0^6 = 6 and 
D B a==ip. By substitution r=i (10° 5' 20" + 0° 26' 3"-42 
-10° 20^ 35"-2), or r=0^ 5' 24/'-ll. Correcting for 
refraction we have 0' (=0-r)=9° 69' 55"'89, and 
^' ( =^ + r) =10° 25' 59"-31 . Substituting these corrected 
values in the formula for finding AG, and taking 
logarithms, we have : — 



logJ5C 
log cos 6^ 



—log cos ^' 

log ^ C 
log. 3963-3 

diff: logs 



= 3-5974583 
» 9-9933531 

13-5908114 
B 9-9927598 

« 3-5980516 
69 

B 53 



0-5 



Gorres. diff. of nnmben 

Then 
^C (« 3963-3 -0*5) » 3962*8 
From Z962'S^AC, 
Take 3967-9 ^jBC. 



o I // 
log cos 10 a 

0" - 9 59 55 9 



9-9933515 



diff - 04-1 
diff. logs perl" « 3-8 
/. diff. log per 4"-l 

— + 



-16 



log cos 6^ 



= 9-9933531 



Diff 



4-9 salt. 2i above ^. 







O / 


II 


l0(? 


008 


10 26 


= 1 


4^ 


«= 


10 25 59-31 



9.9927595 



diff. s 0-69 

diff. log per 1" - 3-9 

/.diff logs per 0'69" 

= + 

log OOB ^ s 



9-9927598 
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Here the angle in the table is greater than the given 
angle : its log cosine will, therefore, be less than that of 
the given angle. Hence the sign ( -f- ) to the difference 
of the log cosines. 

9. Finding the angles at an inaccessible trig, point 

(fig. 24). The formnla are 6-^=:!lii?Ii±yr) 



a 



9 

_r_smy_^ and 0-0+5^)0=^ (p. 73), the required 

angle. 

In these formula represents the measured angle. 
the required angle. Fig. 24. 

y the angle made at the accessible 

point by lines from the inacces- 

sible point and the left-hand side 

distant point. 
a and b the right and left-hand lines 

containing the required angles. 
Let Bpm=76^ 9' 16", Bp (7=54° 3(y 
10", and mp n=48° 0' 0" ; and let m »=60 and mjp=:80, 
also a = 44960 and & = 48980 approximately. Then, 
taking logarithms : — 

log mp 
log Bin mpn 

— log mn 

logsin 82^14' 60"^ 
(s» mnp) 




1-9030900 
9-8710785 

11-7741635 
1-7781512 

9-9960123 



mpn 
mnp 



O t ft 

48 
82 14 50 



n mp 
Amn 

Amp 



130 


14 50 


180 








49 


45 


10 


45 









94 45 10 



In the triangle Amp, Am (=^^^|:!^)= 42*426. And 

i(^7n+wp)=61-213, also ^(Am-mp)=18'7S7. To 
find the other sides and angles, when the two sides and 
the contained angle are given, we have : — 
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i (180° (K or^Amp)^42° 87' 25". 



Then 



log HA m-mp) » 1-2738574 
log tan ^ (ir— it ffi|>) 

- 0-9639332 



— log^{Am-¥fnp) 



ll-23r790'6 
1-7868437 



log tan ^ diff. of the 



log tan 9.4509469 
log tan 15° 46' 2(y- -384 

diff. logs » 85 

diflf. logs per l"=80-5. And cor- 
responding angular difil si''. 

o / // 
15 46 20 

« 1 



base angles = 9*4509469 (- log tan 15 46 21) 

15 46 21 half diff. of base angles 
42 37 25 half sum of base angles 

58 23 46 the greater base angle 
26 51 04 the lesser base angle. 



]ogmp 



Again— 
» 1*9080900 



log cos 
(slogBin94 4510) 



4 45 10- 9*9985041 



11*9015941 
-logsin 58 23 46» 9*9302822 



log^l>(-r) 



log sin 58^ 23' 40^ *9302745 
diff. logs fori" =12*9 
/.diff. logs for 6"-+ 77 



log sin 58<' 23' 46" « 9*9302822 
- 1*97131 19 =(93*607). Now 



y( = 76°9'16" + 260 51'4'*) 

(4>+y) 



O t H 

- 103 20 
-c 54 80 10 

s 157 30 30 



And 
therefore 



(0- ^) may be computed as follows : — 



logr - 1*9713119 

log sin (^ + y) - 9*5826871 
(«log sin 22' 29^*80) 



-log a 



11*5539990 
4*6528263 



log sin ^Cp « 6-9011727 

(-K)°2'44" 
+ 0*215) 



log sin 0«> 2' 44" « 69004187 
do. 2 45 - 6*9034588 



diff. logs per 1'' 
log sin A Cp 



30401 

6*9011727 



log sin A Cp — log 

sin 0^2' 44" =. 7535 

30405 : 1"::7535: 0-216 



ACp=0 2 44*2 1 5. To find the other remote angle subtended by r ; — 
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logr 
log sm y 



- log 6 



log Bin ABp 
( « 0° 6' 24"-09) 



1-9713119 
9-9887142 

11-9600261 
4-6900188 

7-2700073 



7-2700073 

7-2699068 log sin O^ 6' 24'' 



1015 
1295 



1015 diff. log sines 

J 295 do. for 1" therefore 

=0*09 increase on angle 



6 2^4 + 0® 0' 0"-09 
6 24-09, the angle ^^j>. 



From these we have : — 



o t ft 

54 30 10 



2 44-215 (^^^^^-^y) 



54 32 54-215 



^ABp^ 624-09 (^^J}^) 



The required angle A{^e) ^ 54 26 30-125 

10. Compntation of the sides of plane triangles (fig. 
26). 

In the triangle ^ ^ a let the angles and the sides A B 
be given to find the other sides ; i,e, let J. B= 400, 
a=44°, 5=96°, and -4=40°. Then by the formula 

Ba=: ,— — (p. 80). Supplying the radius and 

taking logarithms — 

log^^ = 2-6020600 

log sin ^ » 9-8080675 



—log sin a 



12-4101275 
- 9-8417713 



By natural sines, 

400 X 0-64285 -s- 0-69478 
= 370-13(«a-B) 



logaB(«370'13)- 2-5683562 

11. To compute the angles and side of a plane tri- 
angle when two sides and a contained angle are given, 
let ABO be the angles of a plane triangle, and ahc 
the opposite sides. When the sides h c and the angle A 
are given, we have from trigonometry, 
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6 + c . b^e .. 



And fix)m this we Lave — 

tanJ(i?-CO=|^xtanJ(^+CO. 

Let 5=400, c« 370-13, and -4=960. xhen 

(5+C)( = 180-96) = 84o, (6 + c)-77013, (6-c) = 29-87. 

Substituting these values in the formula, and taking 
logarithms — 



log (6— c) 
logtani(-B + C) 

(«42*») 
-log(ft + c) 

logtan J(5-C) 



« 1-4752352 
« 9-9544374 

11-4296726 
s 2-8865640 



log tan 
diff. logs for 



O i II 

2 = 



r= 8-5431086 
838 



0-4- 



-248 



J(5-C) =2 0-4 



The angles being known, 
the remaining side may be 
computed according to Cx. 
16. o I II 

2 0-4 
42 

B 

addition 

C « 39 69 69-6 by 
subtraction 

A ■= 96 

180 00. 



1(5+ C)» 



44 0-4 by 



12. To compute for a side and tvC^o angles in a plane 

triangle when the given parts 
are two sides and an angle 
V I opposite one of them. In the 
/a' diagram (fig 78) let ^ J? C be 
the triangle, a h the given 
sides, and B the given angle. 

a sin 5 




Then 



sm -4 f = — T — ) I ^ smi^. 



In the formula, if a be greater than h when B is the 
given angle, ^ will be greater than 1, and therefore A 
will be greater than B. 
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It will be seen by an inspection of the diagram that 
A and 180 —J., the exterior angle, are both greater than 
J5, an interior angle of the triangle ABC. In this 
case two triangles, ABG, A' B G\ fulfil the conditions, 
as the sin of an angle is eqnal the sin of its supple- 
ment. 

Let a=860, 6=640, and 5=40°. Taking logarithms- 



log a » 2-9344984 
-log* « 3 2-8061 799 
0-1283185 
log sin ^^ 9-8080675 
log sin ^ = 9-9363860 

log sin 69® 44' 20"- ^ 

diff.oflog8 41- 



12-3 = '3 



Two angles and two 
sides being known, the 
remaining side may be 
computed from formula 
in Ex. 10. 



A' 

+ 


O / H 

= 59 44 20 
0-3 


A 
or 


59 44 20-3 
120 15 39-7 



13. To compute the angles of a plane triangle when 
the sides are given. The formnla for finding the angle 
by the tan is — 

tani^-((^r*iii(ir:£)U. 

And supplying the radius — 

r \ «x(a— a) / 

In the formula, ?±^±^=» ; let a=:860, 6=640, and 

c=980. From these we find s, and its excess above 
each side, as follows — 



a« 860 
b= 640 
c« 980 

2)2480" 

«» 1240 



«-.1240 
[8-d) 380 
[a-b) 600 
f«-c) 260 

1240 



Here the sum of the differences 
is equal to half the sum of the 
sides, which verifies the arith- 
metical operation. 
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log(«>5) e 27781612 

log (<- c) = 2-4149783 

+ 10 -151931246 

6-6732068 



log t -30934217 
log {«- a) = 2^6797836 

6-6732053 



logten}ii a 9-5199192 

log tan 180 19'^0'' « —8819 aiffilog per 1"=70.6 



^?— 70-6)373(0-63 

iA^lB 19 0-53 363 

2 



200 



^ = 36 38 116 



The angle may be also computed by the formula for 
sines, viz. — 

Sin^«i^(p236). 

14. For combined measured bases (fig. 27), the 
formula is, C C\^A B ^W (p. 82). 

In a particular case let HK^^C C\, Then — 

HK{=^ABv¥)z=:A By/27. 

Let AB ^ 200. Then, taking logarithms- 
log 200 = 2-3010300 
i log 27 - 0-7156818 

log 1039-23 (=:^J^ » 30167118 

15. Railway or circular curves : — 

a. To find the length of the tangent (fig. 86). 

Let the angle made by the tangents (5) =150® C 0" 
and i2=80. Then, supplying the radius, the formula for 
the tangent is : 

~ cot i 5 « B ^, (p. 1 1 0). Taking logarithms—- 

T 

logi? « 1-9030900 

log cot JB ^ ^-4280525 

logi?^ +10 = 11-3311425 

log 2? ^ - 1 -33 1 1 425 ( - 21 -436), the length of the tangent. 
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h. To find V the secant point in the curve, the formula 

are : — 

ScoBec ^ B^l) R^Bv, or 

tan « I (180-^) + 1)* ^Bv, to the radius 1. 
Agfun {2R + Bv) Bv=Bt*f& quadratic equation. 
And Bv^(Bt,*+Ii^)i-^B. 
From the foregoing we have 2 log Bt^^ 2*6622850; and ^59-6 '^Bt* 



And --Bv (-82-82-80)-2-82. 
This gives the distance of t; 
froTD. B, 



6400-1? 



68,59*5 I 82-82(»^0) 
64 



162 459 
324 



1648 13550 
13184 



1656 37600 
By the formula for the cosec we have by reduction — 

cosec i5(«5o)«-;?4^- Taking logarithms- 
sin f ^ 

logi?-f 10 = 11-9030900 

-log sin ( ^ » 9-9849438 

log 82-822 B 1-9181462 

-5 » 80-000 

.\Bv^ 2-822, as above. 

c. To find the secondary tangents v d. The formula 
is Btaa^(ir'-B)=zv(l (p. 111). Taking J? as in the 
foregoing. Supplying the radius and taking logarithms — 

log tan i (180<»-37' 0") = 9-1095594 
log i? B 1-9030900 

logvrf+lO = 11-0126494 

logvd s 1-0126494 (» 10296) 

16. For tracing circular curves with the chain (fig. 37). 

The formula for finding the perpendicular to the tan- 
gent is : — 

dc=^ (p. 111). 

Here B is the radius of the curve, and d e the required 
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perpeDdicnlar. Let B=^SO and c4s2. Tbea dc 
r = 2x2^80x2)=:2-*.80. If the unit of ismm c be m 
chain, then d C3=0'025 chaina, or 2^ finlcL 

Again, the perpendicular to the chord prodnoed 



he (bond fimn the finmnla <f c^ — ^ — (p. 111). In 

most cam £ will be large aa conqaued with ^<f, tlien 
d* ef^2 d c. The applicatioii of the fimnnla la ao simple, 
thai it does not require an eiample to aasifli in '■**^'^**c 
the compotation dear. 

17. Tracing circolar cnrrea by perpendicnlars to the 
chord (fig. 38). The fbnnnla for fiw^Hng the peipe n - 
dicnlar from a given refiarenoe point in the chord are : — 

og mm rnn$ 
or 49^ » {f*—Kf)K the eouw for half the ang^ at the centre 
t^t, ^ 2reos#, the efaofd for the radius r and angle 2f. 

(the peKpendienlar to the diamKir 
parallel to the cfaosd, vfaidi popcndi- 
cnlar ahall po» throoi^ the girai 
zefiBienee point in the dmid. 
Andme^og^ne, the rB^niied perpendicular (p. 112). 

It may be seen that o g and t^ t^ are computed only 
once for each cnrye, and that it is necessary to com- 
pate me for each point to be determined in the dure. 

Let S=80 and 0^75*" 3(y. Then supplying the 
radins and taking logarithma— 



log 1? - 1-9030900 

log sin 9 - 9-9849438 



¥rom o«(«80*000) 
Takb og (=77-274) 

Bern, gv « 2*726 



logo^-i-lO « 11-8880338 

log oy (-77-274) - 1-8880338 the max. perpendicnlar. 



To find the chord- 
log i? » 1-9030900 
U^ COS « a 9-4129962 
log2 s 03010800 

log^.il«+10 - 11-5170162 

log ^. ^. - 1-6170162 (-41*411) Ihe diordL 
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To find tlie perpendicular at the reference point n — 

Let ^nslO. Then (6400-100)i»mc or me- 79*372. And 
nc (a79'372 — 77*272) -2*125, the required perpendicular. 

18. Tracing circnlar cnrves. To find the perpendicnlar 
from a given reference point in the tangent. This is 
solved by Ex. 16 if the corresponding chord be given. 
By another formnlt 



And i? sin ^ ^zi/{^t^j) (p. 112). 
Let the radius of cnrvatore, the angle made by tan- 
gents, &c., be taken as above, and let t^f^^VZ^^, 
Taking the radius 1— 

1-396+80 (»BiD ^)=00174d. Hence 

^^-l'', and 008^ =0*99985. Then 

80 X (1 — 0*99985) (=e'/)»0'012 the required perpendicular. 

19 Tracing circular curves by tangents. 

To find the reference point in the extreme tangents 
for a tangent to the curve at given angles from the 
radius to the point of tangencj of the extreme tangents 

(fig. ^). 

The formula are— 

B tan ^ ^ B ^p 
5tan^ -i q^ 

£tan ^ ^ - t;c2(p. 114). 

In these formula m is the number of equal subdivisions 
of the arc, and the angle at the centre subtended by 
one of the subdivisions. 

Let E = 80, \B = 60^ and 2 m = 120. Supplying the 
radius, and taking logarithms — 



log tan i - 7*9408584 

logi? = 1*9030900 

log S^i -f 10 » 9*8439484 

log gi (=0*698) = 1*8439484 



When^eU^* 
log tan I » 9*0871438 

log 5 - 1*9030900 

logg, + 10 » 10*9902338 

l<«?a(- 9*7776) - 0*9902338 

The line sq may be computed for an angle ^0, as 
already shown for B v, Ex. 15. 

m2 
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20. To find the angle contained between tangents to the 
curve when the point of intersection of the tangents 
shall be inaccessible (fig.43). The formula is — 

J{(^»i/-»m/-) + (C/?»-»/m)}=» (p. 117). 

In this formula let the angles (7/w=135**, and A mf 
=145^ Now 180^-135° (=n/m)=45^ and 180°- 
145° (=nw/)=35°. Substituting these values in the 
formula we have — 

i{(1460-S5*) + (136°-46°)}(-n) - lOOO. 

21. Division of lands (fig. 44). 

Let A represent area of the parcel for determination, 
a the area of the approximate parcel, and B D the line 

indeterminate in position. Then S^———Lz=i-\-p the 

perpendicular to the intersection of the required boundary 
lines terminating vaBJ) (p. 120). 
Let ^=86972, a 86201, and 5D=450. By substi- 

__Js=+p. Here jp = 3*4266. 

22. Proportional division of lands (fig. 45). 

Let the parts be a, 6, c, (2, and let the proportions be — 

•a gets 2 proportional parts 
^ »j 3 „ „ 

o „ 2-6 „ „ 

d „ 1-6 



f> If 



Total of proportional parts 9'1 

Let the total area to be divided be 1697854 square 
units of area. Then by formula (p. 122) — 

a « Ax 1697854; a's portion - 373154*8 
9*1 

h « ^x 1697864; Vb „ « 659732*2 

91 

e - ?^x 1697864; o'a „ = 466443*5 

9*1 

d » -5x1697854; cTs „ = 298523*6 

Sum of the areas . . • . 1697864* 



( 
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23. Proportioiial diTision of lands, accordixig to valne 

Let the nnmber of parts, the proportLonals, and the 
total area be as in Ex. 22. 

Let|7i,^29jP39 P4 ^ ^0 divisions; and let piB pro- 

2 
portion be ;r-7 of the valne of the whole area for division : 

91 
also let the total nnits of valne be £9900. Then the 
valne of piB portion is 2175*8243 nnits of valne 

=2x9900\ 
90 J' 

Now let a -==697000, and a'=:1000854 nnits of area. 

Let t; =3982-35 nnits of valne, 

and v'=5917-65 „ Farther, let the 

areas of the approximate parcels c and </ be 200000 and 
170000 nnits of area respectively. We have by snb- 

stitntion in the formnla - x c the valne of p^^ and -^ x c' 
the valne of jjj^, i.e.: — 

?55j^ X 200000 (=jp,a) - 1142-7166 unitfl of Talue. 

Total tmitfl of value of the 1 ^ 2113-8777 

approximate parcel^, J ** *'' 

Proportional units of valae^i a 2175-8243 

Deficiency in nnits of value ■■ 61*9466 

Let mn=13500, mn^=6000, and mn^is 7500 lineal nnits, 

Then 13500 : 61*947 : : 7500 : 34-415 (=(?^), and 
13500 : 61-947 :: 6OOO : 27-532 (=(!,). 

This gives the deficiency of valne on each division of 
qnality. We have - =qnaKty of a, and - x 34*41 5 = area 

on 7500 of w ». Also 2l x 27-532 =area on 6000 of m n. 
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Taking logarithm 

log a 
log 34*415 



-logtF 

log da '*• 

-.log^22(.8760)»3-6740313 



» 6-8432328 
- 1-6367478 

7-3799806 
- 3-6001396 

= 3-7798511 



logperp. (-1-606) »0-2067198 



logo' 
log 27*632 

-logt/ 

logrf, 

-log 



6000 



=6-0003707 
- 1-4398878 

7-4402085 
- 3-7721493 

-3-6680592 
(-3000) •3-4771212 



logperp. (-1*662) -01909380 



These perpendicnlars laid down to terminate in the 
qnalitj line 8 (fig. 47), determines the intermediate 
points in the required dividing line. The dividing line 
should be log spitted from the extremities of the line 
mm' to the corresponding intermediate points in the 
dividing hne, as shown on the diagram referred to. The 
other proportional divisions ps, &o,, may be deter- 
mined in like manner. 



24. For the intake of lands for railway or like pur- 
poses (fig. 48), the formula are— 

nbxhe 



Aot(1)=: 



no 



-, the horizontal sur&ce half width ; 



dt(2)^(dh^—ht*)i, the horizontal distance for a given dis- 
tance on a giyen surface incline ; 

tr(2)^^xdtf the corresponding vertical height for slope 
^ ^ of works and given distance on the 

given surface incline ; 

and Am (2)—? — ^ — , the side width on inclined surface. 
rh 

The fimrface, as represented in (3), fig. 48, may be 
computed in the manner given here for (2) by attend- 
ing to the formula (pp. 135 — 6). 

Let nh=12, nc=e, hn^lO. Then ^c(=10 + 6) 

=16, and ^L^^^") =2. Also, 
nc \ 6 / 

;im (1) =2 X 16=32, half width. 



xnriNa bu&vetb. 
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Agun, as in formula (2) — 

Let h tss2, d AbIO, and h n^ &c., as before. Then, by 
snbstitution— 

d t (=10«-2«)»««9-8. Substii-ating tbis value of 
dtwe have — 

/r^=m^W4i-9. And by subtraction— 



fcr(=4'9— 2)=2'9. Now by substitution we 



find— 



fcw(2)=65-2Y=±5i^\ the half width on the 
incline. 

25v Mining surveys. Capacity or solid content of 
passages (illust. 59), 



Une SOO-Papv MW ••••••• 

Do. 

Sam of mumouhUvo srem •••••■ 

Paper MM • • • • • 

Do 

Paper az«ft 

Do, 


Diet, 
between 
sections. 


Area of 
cross 
section. 


Cubic 
content. 


30 
85 

65 
160 

65 
280 

80 
800 

70 
content 


18*93 
20*14 


1369*45 

1481*35 
2417*60 

3277-80 


3)89*06 

19*08X65 
35*44 


3)46-58 

33*79x65 
86*00 
2)60*44 

80*33x80 
80*09 


Sum of oonaeontive aieaa 

Pftperarea . 

Sam of cooaeoQtiTe »Bai 

Cubic 


3)66*09 
82*64 
of 380 on line & 


'- 744620 
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26. To find the longitude by lunar distances (fig. 64) : — 

At 10 A. 15 m. 20 «. pan. by dock, Bdfait^ July 29, 1868, the 

following measurements were made: — 

o ' <r 

Altitude moon's upper limb . . . 70 59 14 
Lunar distance to a aquiUe . . . 47 48 58 
Altitude of a aquilae . . . 42 25 40 

Correction on time. 

A, fA. 9, 

Equation of time for time of observation .069 
Clock too fast 8 28 



Difference to be subtracted . 2 19 
Time by clock 10 15 20 

Mean time of obsenration . . . 10 13 1 

Correction on observed alt. of the moon. 

Moon's semi-diameter 
Befiraction for altitude 

Observed alt. of moon 
Correct alt. of the moon's centre 

Corresponding zenith distance . 

Correction on alt. of a aquiln. 

o I n 

Refraction for alt. of a aquilsB . . . , .— 1 2*3 
Observed alt. do. . . .... .• 42 25 40 



o 


/ 


// 


. 


15 


3 


. 





19 


- 


15 22 


. 70 59 14 


. 70 43 52 


90 








. 19 


16 


8 



Correct alt of a aquile . ... . . 42 24 37*7 

90 



Corresponding zenith distance — a aquilse . . 47 35 22*3 

Correction on observed lunar distance. 

O i H 

Moon's semi-diameter as above . 15 3 
Doi lunar distance . . . 47 48 58 

Do. correct lunar distance . . 47 33 55 
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The following are the corrected arcs or angles :— 

O / // 

Correct lunar distance 47 33 66 (a) 

Do. a aquilsB zenith do. 47 36 22*3 (c) 

Do. moon's do. do. 19 16 8 \h) 

From these we have 2«b114 26 26*3 , o + 6 + c=2* 
And «= 67 12 42-66 

Also «^a«i 9 38 

«-6= 87 66 

a-o- 9 37 

«« 67 12 42-66 

To find the zenith angle A, we have — 




tan M -y *" ^'r*^ "^ "°/'-t^ — (p. 191). 
* V sin «xsm(«— a) ' 

logsin(«-6) =9-7887880 

logsin(«-c) « 9-2231 137 

10 -log sin a =00763700 

10-log sin («-a) » 0-7 76803 6 

2) 19-8630762 

o / // logtanjil «9-9316376 

log tan 40 80 10 « 416 

0-9 

Too much . 39 



J -4 = 40 80 9-1 A'» 1 ~77; — 77r^ 

* 2 diff. logs per 1" « 42-6 



^ B 81 18-2 the zenith angle. 



89-s-42-6-0''*9 



o / // 

87 66 80 = 9-7887764, log diff. per 1"- 27-1 
4^6 126-2 , parts for seconds 

37 66 34-66 - 9-7887880-2, log sin («-6) 

9 37 20 » 9-2231094, log diff. per 1"= 124-2 

0-36 - 43, pwts for seconds 

9 37 20-36 - 9-2231137, log sin («-.c) 

67 12 40 «. 9-9246264, log diff. per I''- 18-e 
2;;66 36, parta for seconds 

67 12 42-66 = 99246300, log sin 8 

9 88 40 - 9-2241018, log diff. per 1''= 123-8 
7^06 - 947 , parts for seconds 

9 88 47-66 - '9-2241965, log sin («- a) 

x3 
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In thiB calculation the fonn of the computation gives 

for . . — 7 r,-!^ — X-;— 7 r. The arithmetical 

eon 8 Bin (ff — a) sm « sm («— a) 

complement, or log r— log sin «, ^., is taken directly by 

subtracting the log sin from 10. Again 



Moon's horizontal pMnllaT 

Bo. parallax for altitude 
Do. Bemi-diam. and ref. (see p 

Correction on altitude 
Obsenred altitude . 

Correct alt. moon's centre 



O / M 

. 66 8-6 

. + 17 37-7 
248) . ^0 16 22 

. 2 15-7 

. 70 69 14 

. 71 1 29-7 

90 



Corresponding ooirect senith distance *■ 18 68 30*3 (V) 
a aqnille do. do. . • . . ■■ 47 36 22*3 (c^ 

Computed zenith angle . . .« 81 18*2 (A) 

Bj the aid of an auxiliary arc or angle 0, the correct 
lunar distance a' may be computed by the following 
formula : — 

tana-^^«>«^,and 

r 

co«a'(-WO-""*'''°°'('^-') (p. 191). 

cos B 

log tan 6^ (- 18 68 30-3) » 9*6363677 
log cos^ (-81 18-2) -9*1940904 

log tan 0+ 10-18*7304481 
/.-log tan a- 8*7304481 

o / // 

logtan (-3 4 30*0)--— -1397, diff. log tan per r' a 392*9 

7*8 3084, parts for seconds 

-3 4 37-8 

Kow log cos 6" - 9*9767361 
log cos (</-«)« 9*8631600 

19*8288861 
log cos a - 9*9993784 

and log cos a' — 9*8296117 
(=47® 31' 14"*24) 
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The correct lunar distance for time of observation : — 

O t n 

Lunar distance at Greenwich for 9 p.m. 48 10 20 for the given day 
„ „ 12 night 46 67 20 

Difference in 3 hours 1 12 50 

Correct lunar distance at Belfast for tinie of ob- o / // 

serration 47 31 1434 

Greenwich lunar distance, Ifrom above, at 9 p.m. . 48 10 20 

Difference of these lunar distances 39 5*76 

We have now 

lo 12' 60" : 0° 39' 6''-76::8 hours : lA. 36m. 37-08 «. 

The fourth term of the proportion is the lapse of 

Greenwich time beyond 9 p.m. for the corrected lunar 

distance of the place and time of observation to obtain 

at Greenwich. 

Then 9A. Om. 0«. + U. 36m. 37'08«.a: 
h. m, 8. 

10 36 37*08 Greenwich mean time for corrected lunar distance. 
10 13 01 mean time at place for do. 

23 36*08 difference, Or longitude expressed in time. 

The longitude is west as the lunar distance is decreas- 
ing. The longitude may be expressed in degrees by 
allowing 15° for each hour of time. The above difference 
of mean time converted into degrees gives the longitude 
of BelfiBist 5** 64/ 2" nearly. 

27. To find the error of the clock, astronomically 
(fig. 65). 

In lat. 64<> 36' 0", on July 29, 1868, at 9h. 46m. ISs. a.m., the alt. 
of the sun*s lower limb was observed =44° 47' 4 ''4. 
Time of observation from apparent noon 2A. 13m. 42«. 

O S SI 

Sun*s declination at noon 18 38 69'5 

Do. diff. for 1A. = 00 0'*39"-5 

Do.do.for2iA.( = 1 20) a 1 20 

Sun's apparent dec. at time of observation 1 8 40 1 9*5 

90 o / // 

Complement of sun's dec. (b) « 71 19 40 5 

Co. hit. (c) » 35 24 
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Son's semi-diameter ^(fi 16 47"'6from Nautical Mmanao (1868). 
Bo. panllaz for alt aBO 6*1 ^ ^ „ do. 

16 fi8-6 

Befraction for altitude ■■ 69* o , „ 

14 64-8 

Obsenred alt. sun's lower limb ■> 44 47 4*4 

Corrected alt. of the sun's centre » 46 1 69 

Corresponding eenitli distance (a) » 44 68 1* 

a + b + e - 161 41 41-6 

- 76 60 60-76 

By reduction — 

(«.a) . 30 62 49*76 

(«.6) - 4 81 10*26 

(<-0) - 40 26 60*76 

s = 76 60 60*76 

Taking the fonntila for sin or tan, p. 191, we compute 
from these data, in the triangle J. « n, as follows : — 

(Forxnnla for tan). 

log sin (<-6) » 8*8966187 

log sin {s-e) - 9*8120774 

10 -log sin « - 0*0133869 

10-log sin («-fl) - 0*2896719 

2 )19*0116639 

log tan i 9 = 8*6068269 ,.ff 1,,^ ^ ,,, ^^ , 

log ta?17° 46' 10- - 7966*^3^^1^ ^'-72*4 

4*2 .'. ~=o-: - 4*2 

:— 304 '2*4 

J a - 17 46 14*2 
2 

$ 8 36 32 28*4 the hour angle from apparent noon. 
This, expressed in time of 16° to an hour, is 2 A. 22m. 10*2«. 

Then Mean time of observation » 9 37 49*8 

Time of observation by clock a 9 46 18 
Difference (dock too fut) s 8 28*2 



* See Appendix. 
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28. Latitude and longitade of trig, points (fig. 68). 

In this computation the angle which each reference 
line makes with a fixed line of direction, such as a 
meridian, should be known. Let represent this angle, 
c z the meridian, and a c the given line. Then 

ac cos 6»Iat. of c. 
And lat c X tan 0s=long. of c. 

These formula give the lat. and long, on rectangular 
co-ordinates passing through an origin, such as z, and 
the extremities of the line. If the origin be not z, but 
another point o, the lat. and long, of the point a will be re- 
presented by aj, and o y,. From an origin, such as o, the 
lat. from the axis o y for each consecutive angular point 
will be found by deducting from the sum of the previously 
computed latitudes for 6 in the first and fourth quadrants 
the sum of Kke lats. for 0, in the second and third quad- 
rants. [The quadrants in this computation should be 
reckoned from the origin towards the angular point, right 
or left — with or contrary to the sun — as the case may be. 
In what follows the origin will be considered as on the left 
side, and the reckoning with the sun.] The correspond- 
ing longitude will be found in like manner by taking the 
difference between the like sums of longitude in the 
first and second, and in the third and fourth quadrants. 

The following example computations, and an inspec- 
tion of diagram 68, will assist in making clear the 
manner and arrangement for obtaining the results in a 
tabulated form : — 



254 



OK LAKD STmTETIKa. 



1 

COB (*)=60* 
300 {mae) . 

lat. (ac) • 

tantf-lO - 

lonff. tae\ - 


S 

Logs. 
9-69897 
2-477 ri 


S 

+16<H)0 
+369-81 


4 

oys8000*00 
o«s 3100-00 

8160-00 
3869*81 


6 

1180*93 
369*81 


6 

+ 

1MB6 

367870 


7 


8 

Loei. 

4-69074 
0-80103 


9 

160xS5»-81 
+3 

259*81 X 
1180*93 


3-17609 
0*28866 


4*28971 


3-41465 
8*01826 


^^A^AAR 


1UU||. \f»KJ - Mww 


5-42791 
6-31674 

0*80108 


OOB108°0'0' 
840 - - 
-10 lat. - 

tan 72*-10 
long. - - 


9-48998 
3*93428 


-S69-67 
+798-88 


3890*43 
8168*69 


931*86 
1068-69 


108690 
786040 




259*67 X 

798*88 

-i-3 


3-41426 
0-48823 


5-01571 


2-90248 798-88 X 
2-96342 921-35 


2-90248 


5-86690 




COB 192° - 
700 - - - 

-10 lat. - 
taal2* - - 


9-99040 
2-84510 


-684-69 
-146*64 


3306*74 
8013*16 


386-66 




49822 
84482 


4-99847 684*69 X 
0-80103 145-64 


2-83550 
9-82747 


4-69744 


^* 


Q*1fi9Q7 iiiR*K4 „ 




« 10iC«7l 

2-37412 


236*66 


-10 long. -2-16297 


913-16 


4-58709 


COS. 245° - 
660- - - 

-10 lat. - 
ton 66°- 10- 

lODg. - - 


9-62594 
2-74818 


-386-67 
-607-63 


1969-07 
2606-63 


000-00 
806-68 




60055 


5-07956 
0-80103 


236*67 X 
507-63 


2-37412 
0-38132 


4-77853 


•rj 


2-70544 


COS 340°- - 
452- - - 

lat. - - - 
tan 20°- - 


9-97298 
2-65614 


+434*74 
-164-69 


3898-81 
2351-04 


434*74 
251*04 




82880 


4-81730 
0-30103 


424*74 X 

164*59 

-i-2 


2-62812 
9-56106 


4*61637 


long. - - 


2-18918 


oofi 271° - 
251-08 - - 

-10 lat. - 

tan 89°- 10 

long. - - 


8-24185 
2-39981 


+ 4*88 
-361*04 


3398*19 
3100-00 


429-12 
000-00 




660 
106628 


3-04139 
0-30103 


4*38 X 
251-04 

* 4 


0-64166 
1-76807 


2*74086 
2-39973 
2*62812 


251-04 X 
429*12 


2-39973 


5-02785 




008 360°- - 
601-81 • - 
lat. - - - 

long. - - 




+601-81 
000*00 


8000-00 
2100*00 


1030*92 
000-00 


1127086 
284322 


284822 






8-42764" 

4 


>8a. IB. 28-4P. 


1-71056 
40 




28-42240. 
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In tke tabulated compntatioii, colnmn 1 contains the 
given data; 2 contains the logarithms of data and of 
the lat. and long. ; 3 contains the lat. and long. ; 4 the 
rednced lat. and long, to a remote origin o ; 5 gives the re- 
duced lat. and long, to rectangular axes passing through 
extreme angular points ; 6 and 7 contain + and — pro- 
ducts ; 8 contains logarithms of factors and products, 
and 9 the factors whose logs are inserted in column 8. 
For the purpose of finding the latitude and longitude 
for map making, or like purposes, columns 1 to 4 inclu- 
sive are those required. For the purpose of finding the 
area of a close, as in traverse surveying, column 4 is 
unnecessary. Column 9 is not generally introduced in 
practice, as all the factors are obtainable from columns 
3 and 5. 

It may be desirable to explain more frilly the products 
in columns 6 and 7. The first entry in columns 6 or 7 is 
one half the rectangle of the increments or decrements 
of lat. and long, on the given line, and the second entry 
is the rectangle of the lesser reduced latitude of the ex- 
tremities of the line, and the difference of longitude of 
the extremities. These products should be placed in 
columns 6 or 7, according as 6 shall be less or greater than 
180®. The difference of the sums of these columns, for a 
* close ' traverse will give the area in units of measure. If 
the unit of measure be a link, 100 of which shall be equal 
to 60 feet, or 40 x 6^ yards, 100,000 square links will be 
equal to one acre. Hence, by pointing off, in square links, 
five places of figures to the right, we obtain an expression 
for the area in acres. The decimal part of this expression 
may be expressed in roods by multiplying by * four,* the 
number of roods in an acre. In like manner the decimal 
parts of the latter, or roods, may be expressed in square 
perches by multiplying by * forty,' the number of square 
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perches in a rood. This redaction is made in the tabu- 
lated example. 

20. To find the area of a triangle, the lengths of the 
sides being given* 

The formula is : — 



A — ^$ + (a—a) + {9^h) X {b—c), in which A xepresents the azea, 
and a, 6, c the lengths of the several ndee; also 8 = 



2 



Let a = 3565, h - 8096, and c » 4959 (fig. 6). Then 



a - 3565 
b a 3096 
t » 4959 

2««11620 



g=5810 

(«.a)=2245 
(#-Mr=2714 
(,-c)=_851 

s=x5810 



^» 54-84600 



Logarithms. 

. 3*3512163 
3-4329693 
2-9299295 
3-7641761 

2)13-4782912 



54-84600 
4 

3-3840O 
40 

15-36000 



6-7391456 

^->54a.3r. 15'4p. 



The area of the triangle may be also computed in the 

formula — 

0x5 nat sin A 



area. 



In the foregoing triangle A » 45^ 36' 44". Then— 

Area ( - 3096 x 4959 x ^^IMl^) - 5484574 sqnare links. 

This expressed in acres, roods, and perches, is 54a. 3r. 
15'32p. This area is slightly less than that computed 
above, as the natural sin was not taken out to a sufficient 
number of places. 

30. Computation of the areas of parcels from the 
entries on the content field-book. 

The area of the surfaces botmded by the reference 
lines should be computed by Ex. 29 ; the area, surveyed 
by perpendiculars, on these lines should be computed as 
without. These latter areas should be distinguished 
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according to the side of the reference line on which they 
may be. The following tabulated compntation gives the 
data and results in a conrenient manner : — 



Double 
areas. 


Perpen- 
diculars. 

Inter- 
dis- 
tance. 


Perpen- 
diculars. 


Double 
areas. 


Double 
areas. 


Perpen- 
diculars. 


Inter- 
dis- 
tance. 


Perpen- 
diculars. 


Double 
areas. 


6900 
6366 


60 
96 


970 


18 
42 
24 

40 


604 
16682 

1684 
800 


66814 


118 


612 






28 
896 

66 
118 

67 


473 


42480 


120 


2240 






864 


296 






1191 


10 


1600 


970 
20 


160 


12266 


98294 
12266 








1600 
19620 


19620 


110669 
21020 


21020 


2)44769 


22884 tc 


>bed 


teductei 


a. 



In this tabulated statement the middle column contains 
the lengths of the line, and the seyeral inter-reference 
point distances. The columns r^ht and left contain the 
sum of the consecutive perpendiculars at the reference 
points for the intermediate distances, and the extreme 
columns the products or double areas. (See content 
field-book, illust. 8, for the survey of the parcel area 
computed above). 

31. To find the scale of map, the area of the grounds 
represented being given. 

Let A represent the area of a well-defined parcel 
computed from a survey, and a the paper area for same 
parcel on map to a scale s. Let 8 be the scale of the 
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mi^. As the areM of nmilar figures aie to one snotlier 
in the dnplicate ratio of their homologous sides, we have 
Al all8* I ^. From this proportion we obtain — 



s.=4i^^«=.(4)'. 



In this fonniila let JLsslOa. 2r. lOp., and as=5a. 3r. 
80'62p., the map area, by measurement with a scale of 
1 in 237G (three chains to an inch). Expressing the 
area in acres and taking logarithms-i- 



log 3 
^ log 10-6626 < 

-ilog 6-9414 . 

log 4 (-5) - >6020601 
Scale of map ima ehaina to an 



0-4771212 
0-6118883 

0-9800046 
0-3869444 



Or log 2376 
i log 10-6626 

-j^log 6-9414 



- 0-3758464 
= 0-5118833 

3-8877297 
» 0-3869444 



log S (»3168) - 3-5007854 
Scale of map 1 in 3168. 



82. Paper areas. Casting content (figs. 79 and 80). 
For this purpose cured or irregular outlines of detail 

Kg. 79. 





on map should be equalised with 'give and take' 
straight lines, by which an equal area shall be obtained 
haying straight or regular outlines. For very irregular 
outlines made up of short straight lines and curves, 
the equalising or 'give and take' line may be con- 
veniently determined by inspection with a transparent 
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horn or glass straight-edge. On these equalising lines 
being properly laid down, the computation for area may 
be conducted in various ways, viz. — 

a. The figure may be divided into triangles, more or 
less well conditioned, and the area of these computed 
from *side* x *half the perpendicular.* [When a side shall 
be common to two triangles, * one half the sum of the 
perpendiculars ' x * side * will give the area of both tri- 
angles.] This mode is indicated by dotted lines on 
^g. 80. 

h. The figure may be reduced to an equal one of 
simpler form with the aid of a parallel ruler, as indicated 
on fig. 79. The curved part of the irregular outline 
abcdefg should be reduced to a straight line g a\ as 
explained without. A quadrilateral equal to this figure, 
or surface, bounded by straight lines, may be found by 
drawing a line through b, parallel to ct' c, to intersect c d 
in c'. The triangles a' he, a! d c are equal, and therefore 
a! d is an equalising or ' give and take ' line. The ' give 
and take' line fd^ for the part def^ and also the 
equalising line gd\ for the parts gfd^ may be deter- 
mined in like manner ; so that a! d d! g wiU be the re- 
quired quadrilateral. To find the area, d n should be 
drawn parallel to the diagonal g c', and the perpendicular 
d' n let fell from d'. Then 

J^c'x£?'w=area. 

c. Equidistant parallel lines may be drawn on the 
map, and the intercepted boundary lines so intersected 
by perpendiculars that the resulting rectangles shall be 
equal to the irregular figures bounded by the parallel 
lines and the intercepted detail lines. The sum of 
these rectangles will be equal to the area of the parcel ; 
and it is easy to see that the sum of the parallel line 
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distances between the perpendiculars will express the 
area. Scales are made and sold for expressing the 
area, the parallel distance apart being 'fixed' for the 
purpose. This mode is shown on fig. 80. The methods 
described require the data to be obtained by measnre- 
ments with linear scales. 

d. Mechanical contrivances — ^planometers — ^have been 
designed and brought into use for integrating the areas 
of small elements or minute surfaces. These instruments 
are made chieflj on two different plans. In one, the 
elements integrated are rectangles; in the other, the 
integrated elements are tiiangles. The latter kind of 
planometers, although not near so large or costlj as the 
former, has almost an equal range. The planometer last 
alluded to has an index disc-roUer placed at the vertex 
of an isosceles triangle, at which point the hinged equal 
sides are connected. The centre and outline tracing 
points are placed at the remote extremities of these equal 
sides of the variable isosceles triangle. In using the an- 
gular planometer, the paper should be laid flat on a plane 
board or table, that the disc roller maj not slip in pass- 
ing over it, and thus introduce errors into the indicated 
results. The reading of the index gives the paper area 
in square inches. The scale of the map being knov^n, 
the area is easily found by multiplying the area of one 
square inch into the number of indicated square inches. 
The other planometer alluded to is made to traverse 
parallel rails perpendicular to a sliding bar, which carries 
the tracing point, and gives rotatory motion to a prepared 
disc on the travelling table of the instrument. The index 
disc-roller bears on this prepared disc and records its 
angular and direct motion. The movements of the discs 
in this class are independent of the nature or form of 
the surface along which the tracing point shall be con- 
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ducted. Tlie absolute paper area is also that measured 
by this instrument. 

The accuracy of the indicated area will be increased, 
and blunders in reading the index detected by repeating 
the measurements. A mean of several readings free from 
blunders will give the area with a considerable degree of 
accuracy. 

33. BaQway intakes. Computation of areas (fig. 81). 
The mode for finding the surface half widths has been 
already explained in Ex. 24. The cor- 
responding horizontal half widths may 
be found by proportion from the same 
data as the surface half widths. These 
half widths are obtained at each peg 
on the centre line. The pegs are 
generally placed at equal distances 
apart, and therefore the common multiplier for the areas 
between the lines at each consecutive pair of pegs facili- 
tates the finding of the total area. It is easy to see that 
by multiplying the common peg distance by the sum of 
the horizontal widths at the intermediate pegs plus half 
the sum of the widths at the extreme pegs, the product 
will be the total area. This may be expressed as fol- 
lows : — Let m = sum of the intermediate widths, and n 
half the sum of the end widths ; also let c be the common 
distance of the pegs apart. Then (ra •{■ n) x c == area. 
This is a very simple formula. 

On sidelong ground, the arbitraiy peg point is veiy 
frequently ill conditioned for laying off the widths. In 
those cases, it will also frequently occur that the reference 
points for side widths on opposite sides of the centre 
line will not coincide. Hence it may be seen that the 
half, or side widths, for both sides at each peg point may 
not be those for a proper intake, or the correct area of 
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the ground required. The above computatioii is subject 
to this serious objection on sidelong ground. 

Let ah (fig. 81) be formation or grade level, nn the 
centre line, hc^ ac the side slopes, in a cross section 
of the works. It may be seen, from what is given 
below, that the side widths from the centre line for each 
contour plane is constant, i.e., the side widths from the 
centre n.n to c or m is constant for the same inclination 
of side slopes and contour plane. Hence, if the district 
within the limits of deviation be contoared, and lines for 
the side widths to each particular contour be traced or 
ranged parallel to the centre line, the intersection of the 
corresponding contour will give the true point on the 
surface for the half width at that point. If the equidistant 
contour planes be arranged to give in full detail the 
features of the surfiEbce configuration, the line traced 
through the points so determined will be the actual sur- 
face line of works. This mode of determining the side 
line of works is correct in every case. 

34. For finding the cubic content or quantity of earth- 
works, the eqtddistant contour map supplies fall data. 
It may be readily seen by a little consideration of the 
form and extent of each solid section bounded by the 
contour planes, surface, and side slopes, &c., and an 
inspection of fig. 81, that if half the sum of the top and 
bottom included contour planes n c, a & be added to the 
sum of the areas of the like intermediate planes, and this 
sum be multiplied by the common distance apart of these 
planes, the product will be' the solid content. The 
formula for finding the solid and surface content when 
the multiplier shaU be a submultiple of the whole depth 
or distance iucluded, may be demonstrated as follows : — 
If a, fig. 81, represent the area or width of the top 
contour plane or horizontal line, and h, c, d, &c., g the 
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corresponding successive areas or widths, limited by the 
side slope h c and surface c c, then we haye— 

^a+l)=a'; Ub+e)=V; Kc+<Z)=c'; Ac. i(/+</)=/. 

Now 

ia+& + c+(« + &c.-h/+i5f=a'+&'+c'+&c.+/; 
and 

the sum of the areas or widths for computation. Again, 
if jp represent the common distance apart. Then 

i(a+6) xjp+^(& + c) xjp &c.=area or content. 

Multiplying by^? we have — 

By reduction this comes to be — 

^ap + hp+cp &c. igp'=A, 

g being the extreme area or width. Taking out the 
common multiplier p we have — 

(i(^ +5') + Z> + c+c? &c,)p* =content. 
And (jaf-^-V-^-cf &c.) p'=A' the solid content. 

The solid and surface contents for each cutting or filling, 
and for each section or part of the line, may thus be 
computed with any required degree of accuracy. If the 
surface configuration be ftdly taken up by the equidistant 
contours, the solid and horizontal surface contents will 
be accurately obtained by these simple computations. 
This is the only mode by which the grounds and extent 
of works can be conveniently and accurately aacertained. 
35. Railway intakes. To find the surface distances on 
grounds for earth- works on side slopes, the area of cross 
section and approximate solid and surface content, &c. 

* This is the weU-kaown Simpsonian formula for surface content. 
It is believed the application for solid content is new ; it has there- 
fore been judged advisable to give the demonstration. 
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The surface distance n c (figs. 81 and 82) from centre to 
side maj be yory ezpeditionslj ascertained Ydth the nse 
of the model scale shown in the illustration 82. When 
the cross section of the ground is a plane, the grounds 
for the works may be set out with sufficient accuracy for 
most practical purposes. This will be easily seen from a 
consideration of the model scale. ^ ^ is a central bar on 
which is graduated a scale of equal parts for depths of 
cutting or height of embankment. The bar AB i& firmly 
fixed to a graduated semicircle, haying the zero of the 
diyisions in the prolongation of the line AB, passing 

Rg. 82. 




through the centre of the graduated circle. A fixed pin 
in the centre of this circle carries two graduated scale 
bars AG, A G\ which are prolonged to w, m, and each 
fitted .with a clamp screw and index. The lines of gradna* 
tion of these scales also pass through the centre of the 
graduated circle. Another bar D D is graduated from 
the centre both ways, and carried on a fixed pin o in a slot 
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piece, wHcli is fitted free in a groove on tlie bar A B 
famished with a clamp screw m'. This slot piece carries 
also the index 8, A similarly graduated semicircle to 
that fixed on J. J? is fixed on D D, so as to have its centre 
in the axis of the pin o. The bar D D may be set to any 
desired angle by means of the index on the slot piece 
and the clamp screw m', which clamps at the same time 
the slot piece and graduated circle to the bar A B. 

It may be seen by an inspection of the diagram that 
the graduated straight lines, which have their ^eros 
coinciding in their respective central pins, give the dis- 
tances in cross section for the several surfaces when the 
scales or bars are clamped at the respective angles of 
inclination of those surfaces. If ah represent the grade 
line, and ^ ^ be the distance on the side slopes from A, 
we find the area of the cross section of the cutting or 
embankment from, the formula-^- 

^(A txAif^AaxAh)x nat. sin A, 

In this formula let -4=90°, and A a (=^ 6) =20. Also 
let -4^=64, and -4<'=72. Then, by substitution, 
■^(64 X 72 — 20*) X l=area, or 2104= area of cross section 
ab ft. It may be also seen that to, t o\ on the scale 
D D gives the half-surface widths from the centre line. 
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CHAPTEE Vni. 

the c0nstbt70ti0k, adjustment, ast) use of instruments 
beqx7ibed in the field and office work of sueyet- 
ino and leyellino. 

The Theodolttb. 

The theodolite (illustration 83) is the most generallj 
useful and convenient field angular instrument for sur- 
veying purposes. The old and well known make of the 
theodolite is still generally preferred, although inferior 
for some purposes, to the small transit theodolite recently 
introduced. The more recent make of the theodolite 
differs from the older, in the latter having a complete 
circle for its graduated vertical limb, as indicated by the 
name. This limb is so supported, that the telescope may, 
in turning on the horizontal axis, pass above the hori- 
zontal limb, and so be readily reversed without detaching 
any of the parts. The optical axis of the telescope in- 
tersects the horizontal axis line, which gives the mea- 
surements without errors due to eccentricity. In the 
older make the telescope must be detached to be reversed ; 
and it is supported above the horizontal axis on the 
diametrical bar of a graduated semicircle, having the 
horizontal axis line passing through its centre. The 
error due to this eccentricity is so small as to be in- 
appreciable in geodesical operations. In all other re- 
spects the older is preferable to the newer make of the 
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mstmment, between whicli there are not any essential 
differences. A description of the older make of the 
theodolite will therefore be sufficient in this place. 

The theodolite is made of two essential parts, viz., the 
horizontal limb for the measurement of horizontal angles, 
or angles in the horizontal plane, and the vertical limb 
for the measurement of angles in the vertical plane. 
The former limb is made to revolve on a vertical, and 
the latter on a horizontal axis. The necessary mechanical 
arrangements are, that the axis line shall be truly per- 
pendicular to the plane of its limb, and that the axis 
line of one limb shall intersect that of the other at right 
angles. When this arrangement is accurately carried 
out in the construction, the adjustment which shall place 
the vertical axis truly vertical shall also place the hori- 
zontal axis truly horizontal, the planes of the limbs 
being perpendicular to one another. 

The instrument in which these mechanical arrange- 
ments are carried out is placed, for convenience in use, on 
a strong tripod portable stand capped with a strong 
plate. This plate has a central screw snug projection 
on its upper surface, on to which a corresponding socket 
screw in the centre of the theodolite may be made to 
work, to properly secure the instrument on the stand. 
The vertical axis pin projects perpendicularly from the 
sides of the axis pin plate p, and terminates at one end 
in the frustum of a cone, and at the other in a ball, 
having the axis of the cone passing through its centre. A 
socket in the inside of the screw socket receives the ball. 
The axis pin passes through a perforation in the socket 
or lower plate y'. The axis plate has generally four, but 
sometimes only three threaded sockets made in it near 
its outer edge. These sockets are equally spaced on the 

circumference of a circle having its centre in the axis. 

v2 
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Milled head screir pins • work into these sockets, and i 
bear on the lower or ball Bockct plate p'. The plates and { 
screws jnst described are generallj called the parallel ! 
plates and parallel plate screws. It is not bj any means 
clear how these screws and pkites came to be so deno- 
minated, since the arrangement is speciaDj desired to 
destroy the parallelism of the plates. Strictly speaking, 
the upper of these plates is the vertical axis plate, and 
the lower the ball-socket, or stand plate. The screws 
may be denominated the vertical axis plate screws. 

The horizontal lim1> 
Fm. 83. is constmcted of two 

circnlar discs, with 
their fitting faces ac- 
curately ground to 
plane snr&ces. The 
lower of these discs 
has a central conical 
socket secured to 
it, which socket is 
groand to fit acca- 
rately tiie conical 
axis pin of the ver- 
tical aoB plate, so as 
to have the same axial 
► line. The ground or 
fittii^ snr&ce plane 
of the horizontal Umb 
plate should be truly 
perpendicolar to this 
line. In the lower 
plate, on which the 
^ conical socket is cast, 

or attached, there is 
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formed a second lesser central socket, having its axis and 
that of the conical socket in the same straight line. The 
top plate has a short central axis pin, tnmed to fit accu- 
ratelj into the lesser socket in the lower plate, in which 
it is secnred by a screw and washer passed throngh the 
greater or conical socket. In the English make of the 
theodoHte the outer edge of the lower plate is tamed or 
chamfered to a conical surface — ^the axis of the cone being 
in the same straight line with the vertical axis. The 
chamfered surface is generally silvered, and graduated 
at its upper or fitting surfielce edge into degrees and sub- 
divisions of degrees. The outer edge of the upper plate is 
usually made to stand out, so as to protect the graduations 
on the lower plate, except where for a short distance, as 
at V. it is chamfered to the same conical sur&ce as the 
lower plate. On the chamfered surface of the upper 
plate verniers* are placed, to give a minute subdivision 
of the graduations on the lower plate. In small theo- 
dolites there are usually two such chamfers, <Sbc., at the 
opposite ends of a diameter. In larger instruments 
three or more verniers are placed at difierent parts of 
the divided circle. Suitable microscopes, carried on 
arms attached to a slide piece loosely fitted in a groove 
formed in the outer edge of the lower plate, are usually 
provided for assisting the observer to read correctly the 
graduations. A collar and jaws d is made to grip the 
conical axis projection of the lower plate by means of 
the clamped screw c. A slow-motion screw / attached 
to the axis pin plate by a pin and collar is made to work 
into a screw perforation in a snug on d, by which the 
lower plate may be made to revolve through a small 
angle after the clamp collar d shall be tightened. A 

» See 'Vernier/ p. 278. 
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clamping and slow-motion screw arrangement is shown 
at d /, bj which the upper and lower plates may be 
clamped and moved through a small angle when so 
clamped. The arrangement provided for setting the 
vertical axis truly vertical consists of two level tubes i t 
attached to the upper plate, at right angles to one another, 
by screw pin adjustments. These adjustments should 
be made by placing one of the tubes t in the direction 
of a diameter through one of the vertical axis plate 
screws, when the bubble should be brought to the middle 
of its run by means of the screws s. By turning care- 
fully the limb on its axis through 180®, the level tube 
will be reversed, and on the opposite side of the axis. It 
will then be seen if the bubble remains at the middle of its 
run. K so, the level will be perpendicular to the vertical 
axis ; but if the bubble be not at the middle of its run, 
it should be moved with the attaching screws one half 
the distance from the centre and the remalader with the 
screws 8 8, The operation should be repeated until the 
adjustment be accurately made and fully verified. The 
second level tube t should be attached and adjusted in 
like manner. These tubes being once properly adjusted 
should not be afterwards disturbed. This is an instru- 
mental adjustment, and when properly made, the bubbles 
of the tubes 1 1 should remain at the middle of their 
respective runs during an entire revolution of the limb 
on its axis which will then be truly vertical. These are 
the principal and essential parts and adjustments of the 
horizontal limb. 

The vertical limb is a graduated circle, in whole or in 
part, mounted on a strong axis bar (perpendicular to its 
plane) bearing at the ends on supports secured, or at- 
tached, to the upper plate of the horizontal limb, so as to 
make the centre line of the axis bar intersect the vertical 
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axis line. In the illustration the graduated arc C is 
a semicircle, h is the end of its axis bar, and K its 
supports. In the transit theodolite the supports are 
necessarily longer, and the graduated circle complete ; 
whilst in some theodolites (Everett's) the supports are 
shorter, and the graduated arcs are parts of the circle at 
opposite ends of a diameter. The vernier t/, for making 
minute subdivisions of the graduated circle (7, is attached 
to the upper plate of the horizontal limb. A clamp c'' 
and slow-motion screw/" are provided for like purposes 
as those attached to the horizontal limb. These, with a 
level tube ^, to be presently described, are the essential 
parts of the vertical limb. 

To these are added, for greater convenience, accuracy, 
and powers of observation, a telescope T, and the level 
tube tf. The position of the telescope is different in * 
different makes of the instruments, but in all makes its 
centre line intersects the vertical axis. In some it is 
supported on a strong bar above the horizontal axis bar, 
as shown in the illustration. In others, the centre of 
the telescope tube intersects the horizontal axis, as in 
the ' transit ' and in Everett's make. In the latter make 
the tube if is usually placed above and on the telescope 
tube. 

In the make of the theodolite illustrated (fig. 83), the 
telescope is supported in Ys, and secured by hinge pieces 
attached to the Ys. Strong gun-metal rings are soldered 
on the tube of the telescope to bear on the Ys. These 
rings are turned truly and exactly equal, so that the 
axis of the rings when reversed in the Ys may coin- 
cide with the same straight line. The level tube t' for 
adjusting the axis of the telescope T in the horizontal 
plane, and the vernier v' to the zero of the graduations on 
Cy is secured and adjusted on snugs attached to the tele- 
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scope tube. The arrangement shown at r prorides for 
placing the tubes H and T in horizontal planes. The 
arrangements shown at % provide for adjusting the axis 
of these tabes in the same vertical plane. 

To make these adjustments, the vertical axis should 
be adjusted truly vertical, as already described ; then the 
axis of the vertical limb should be examined and found 
to be truly horizontal. To make this examinatioii, a 
level, with equal spider legs, should be placed standing 
on the arbour or turned axis bar of the vertical limb 
when supported on the stands. If the bubble of the 
adjusting spider level should stand at the middle of its 
run, the horizontal axis will be horizontal. The same 
results should obtain with the adjusting spider level 
reversed. If this be not the case, the theodolite will be 
essentially fia.ulty, and not suitable for use. For the 
adjustment of the tube ^ the vertical limb should be 
clamped when the bubble is near the middle of its run, 
and the final adjustment of the bubble made by means of 
the slow-motion screw/". If, on reversing the telescope 
in its Ys, the bubble of the level be not at the middle of 
its run, it should be brought to it, one half by working 
the adjusting nuts r, and the remainder by working the 
slow-motion screw /". The telescope should be careftilly 
re-reversed to verify the accuracy of the adjustment. If 
on turning the telescope steadily on its axis in its Ys 
the bubble be observed to move from the middle of its 
run, the level and telescope tubes will not be in the same 
vertical plane. The tube ^ should be brought into the 
vertical plane of T by means of the impinging screws at 
«, the action of which is easily understood. 

[In theodolites having the level on the top of a 
fixed telescope, the lateral adjustment is made by the 
maker.] 
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The telescope is made of two principal parts — an outer 
and an inner tnbe, F and x^ in which are fitted the object- 
glass and microscope, or eye-piece. To the latter is 
fitted a diaphragm arrangement a a, hh of platuia wire 
or spider threads. These are called the cross wires, &om 
their being placed crosswajs and sometimes at right 
angles to one another. The instrumental adjustment of 
these parts is confined to the fixing of the intersection 
of the cross wires in the axis of the equal cylindrical 
rings bearing on the Ys, or, in other words, in the line of 
collimation. The optical axis of the object-glass should 
be made by the maker to coincide with this line. For 
making the adjustment, the microscope slide-piece should 
be drawn out and adjusted to obtain distinct vision of 
the cross wires. Then the telescope (in its Ts) should be 
directed to a well-defined point of a distant object, and 
the inner tube moved with the milled head on the 
side of the telescope so as to obtain distinct vision 
of the object. When distinct vision of the object and 
cross wires are obtained, at the same time the focii of the 
object-glass and microscope coincide. If the cross wires 
be in the common focii, they will not seem to move on 
the distant object when the eye is being moved about at 
the eye end of the telescope. If there be an apparent 
movement of the cross wires, this parallax should be 
removed by working the milled head on the side of the 
telescope. Then will the focii of the eye-piece and 
object-glass be adjusted to the plane of the cross wires. 
The intersection of the cross wires should now be made, 
with all the clamps tightened, to cover the well-defined 
point of the distant object. The telescope should be tamed 
half round in the Ys, and the apparent position of the 
intersection of the cross wires observed. If the image of 
the well-defined point remain at the intersection of the 

N 3 
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cross wireSy the latter will be in the axis of the rings, 
and if not, not. In the latter case, the intersection of 
the cross wires shonld be shifted one half towards the 
image of the well-defined point by working first the 
diaphragm screws a a, and next h b, loosening one screw 
before tightening the opposite. Then the telescope shonld 
be carefuUy tnmed on its axis to its first position. If this 
trial adjustment be accnratelj made, the intersection of 
the cross wires will accurately coincide with the image 
of the well-defined point. If not, the intersection should 
be made to cover the image of the well-defined point by 
working the slow-motion screws, and the final adjust- 
ment accurately made by proceeding as directed above. 
Then the image of the well-defined point should appear at 
the intersection of the cross wires during an entire revo- 
lution of the telescope in its Ys. 

Before using a theodolite, it is advisable to ascertain 
if the maker has correctly adjusted the axis of the tele- 
scope to be in the vertical plane to which the horizontal 
axis is perpendicular. This may be ascertained by ob- 
serving a circumpolar star at its greatest eastern or 
western elongation, with all the instrumental and field 
adjustments perfect; then by steadily sweeping down 
the telescope, without loss of time, and observing the 
same star by reflection, it will be seen, if the image of the 
star appear in the latter observation at the intersection 
of the cross wires, that the maker's adjustment was pro- 
perly made. K this adjustment be found imperfectly 
made, the instrument is unsuitable for use. The verniers 
should be adjusted by the maker. 
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Measuring Angles with a Theodolite. — Angles in a 

Horizontal Plane. 

A point or object is said to be * observed' or * bisected' 
wben the image of the point, or the image of a point in 
the vertical centre line of the object, shall be at the inter- 
section of the cross -wires of the diaphragm. To measure 
angles accurately, it is necessary that all the instrumental 
and field adjustments be made very correctly, and that 
the instrument be free from vibratory motion. 

The centre of the instrument or vertical axis should be 
adjusted in the vertical of the angular point, which may 
be verified by means of a plummet suspended with a fine 
silk cord from a hook in the stand under the centre of 
the instrument, or otherwise by letting a small weight 
or plummet ball faU fireely from under the small hook. 
The theodolite, when adjusted to the angular point, 
should be adjusted for observation by placing the vertical 
axis truly vertical, and drawing out the microscope tube 
to obtain distinct vision of the cross wires. The former 
adjustment for observation must be made at each angular 
point ; the latter adjustment will not be disturbed in the 
field after once made, except by accident, or for packing 
the instrument in its box. The instrument being pro- 
perly adjusted for observation, and the clamps all loose, 
the telescope should be directed to the left-hand object 
by turning the instrument gently on its vertical axis 
without disturbing the adjustments. The vertical and 
horizontal limbs should be clamped, and the object ' ob- 
served' by working the slow-motion screws to the vertical 
limb and the lower plate of the horizontal limb. Then 
the verniers should be read, and the readings legibly 
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entered on tlie field-book. The ' bisection ' of the object 
and the ' reading ' should be verified by observation before 
anclamping the vertical limb or the npper plate of the 
hoi4zontal limb. After cautionslj nnclamping these 
parts or members, the telescope should be directed to a 
well-defined object having the vertical of its centre in 
the right-hand line of the angle, by turning the instru- 
ment gently on its vei*tical axis without disturbing the 
clamp of the lower plate or the other adjustments. The 
upper plate should be reclamped, and the 'bisection' made 
by working the slow-motion screw to this plate ; then 
the * reading ' and verification should be made as above 
directed. The measure of the angle, or the arc passed 
over by the zero of the vernier, will be found by taking 
the difference of readings on a vernier, if the reading 
for the right-hand object be greater than that for 
the left-hand object. If the reading for the right- 
hand object be less than the reading for the lefb-hand 
object, 360® less by the latter or greater reading must 
be added to the former to find the measure of the con- 
tained angle. A mean of the measured angles thus 
reduced for each vernier will be more correct than the 
angle reduced from readings on a single vernier. If it 
be necessary to obtain the angle with greater accuracy, 
the errors due to observation and unequal graduations 
should be removed by measuring the *arc' or angle 
several times on different parts of the graduated circle, 
and taking a mean, first of the measured angle on each 
arc, reduced from the readings of the verniers as above ; 
and secondly, by taking a mean of the angles so cor- 
rected, to obtain the true measure of the angle. 
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Angles m the Vertical Plane, 

For this purpose tlie adjustments and observation 
should be made as above directed, and the vernier to the 
vertical limb read and entered for elevation or depression, 
as the case may be. If the observed object be above the 
level of the theodolite, the angle will be an angle of 
elevation, but if below that level, it will be an angle of 
depression. If the vernier reads zero when the bubble 
of the level tube shall be at the middle of its run, and the 
line of collimation in the horizontal plane, the reading, 
for an observed object, will give the vertical angle. If 
the vernier be not so adjusted as to read zero when the 
line of collimation shall be ad-justed in the horizontal 
plane, the reading in this case will have an index error, 
which should be noted and properly applied to the 
readings for vertical angles to find the correct measure 
of these angles. 

The Vernibe. 

The vernier is a contrivance for reading off more ac- 
curately than is practicable with a simple pointer. The 
graduations or divisions on a line, whether circular or 
straight, must be of uniform equality to admit of reading 
with a vernier scale minute subdivisions of a graduation. 
The graduations of the vernier scale must be also of 
uniform equality, and so spaced on the graduated circle 
common to both scales, that an odd number of divisions 
on the primary scale shall be equal to the next even num- 
ber and extreme division on the vernier scale. It may 
be seen by a little consideration, and an inspection of the 
illustration (fig. 84), that a division of the primary scale 
will be divided by the zero line of the vernier scale into 
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as many equal parts as there are diyisioiis in this scale, 

hj the snccessiYe coincidence 
. ' * of the gradnatioDS on the lat- 

ter with those of the former 
scale. 
This may be stated, gene- 

''^rimmiy SewoS""*^^^ raUj* «« follows : — ^Let n re- 
present the nnmber of divi- 
sions on the Temier scale, then n— I will represent the 
nnmber on the primary scale eqnal to n. Let 'p' and f 
represent a g^radnation on the primary and yemier scales 
respectively; then — 

np=(n— l)j?', andjj'— 2?=£. 

n 

»' 1 

In the formnla let n=20, then ^=«'— «. If «/ be — rth 

' 20 ^ -^ ■'^ 10 

19 . 
^^oAA inches, the extent of a division on the vernier 

scale. 

Prismatic Compass. 

The prismatic compass is an improvement on the well- 
known miner's dial. With the improved instrument, the 
'bisection' of the object and the graduations on the card, 
expressing the magnetic angle, may be observed at the 
same time. The instrument consists of a light brass 
cylindrical box, open at the top, having a hinged sight 
vane at one end of a diameter, and a glass prism at- 
tached to a sliding piece of brass at the opposite end 
of the diameter. The illustration (fig. 85) shows the 
arrangement of the parts of the instrument ; 8 is the 
sight vane, 'p the prism, h the box, and c a graduated 
compass card, securely attached to a magnetic bar, 
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suitably srapportod on the fine point of a strong central 
pin, eecnrelj fixed on the bottom, of the box ; fn ia a 
hinged plane refiector, revolving on the Bame axig oa », 
BO aa to reflect in the diametric plane sp. By this 
arrangement the vertical range of the instnunent is con- 
siderably increased. There is an eye hole and vane 
wire slot in the back of the slide piece, to which the 

Fig-SS. 



prism p is securely attached. A fine plafina wire is 
fitted in the sight vane so as to be in a diametric plane 
perpendicular to the fece of the inatnunent, in which the 
centre of the eye hole shall also be. In the lower part of 
the box there is a damper spring for checking the oscilla- 
tions of the card and supporting it above the pin pointy 
when angles are not being measured with the instru- 

In meaanring angles with the prismatic compass, the 
instrument, held in the hand or snpported on a stand, 
should be so held as to be approximately horizontal, that 
the diametric sight vane plane shall be approximately in a 
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rertical pkae. In Utaa poBitian the eye should be applied 
to the eye hole, and the piece p nuaed or lowered till tiie 
graduations on the card and ibe phitina wire shaD be in 
apparent contact. The fine of sight being in die dia- 
metric plane, objects in an j given fine bisected by the 
wire will be in this plane, the magnetic angle of which is 
expressed by reading the graduation in apparent contact 
with the wire. The zero of the graduations is adjusted 
by the maker to be in the magnetic meridian — ^magnetic 
yertical pUme. 

Thb Box-Sextant. 

This instrument, as usualljmade, is of cylindrical form. 
It is about three inches in diameter, and one and a half 

inches in depth. The 
general external features 
are shown by the illus- 
tration (%. 86) , to which 
we shall hereafter more 
particularly refer. It is 
constructed on the same 
principle as Hadley's 
Quadrant, from which it differs only in the construction 
of its paa*ts. The following brief explanation of the 
principles of construction will assist in explaining and 
making the adjustments easily understood. 

It is shown in catoptrics that a ray from A (fig. 87) 
will be reflected to a along the lines, Ab,hc,cd malriTig 
the angle Aac = 2 xh a' c in the same plane. The 
planes of the reflectors h c, and the axes on which they 
revolve, should be perpendicular to the plane of reflection. 

The angles made by the ray on each side of b 6', or c d 

the normals to the mirrors &, c,-:-are equal. These equal 
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angles, haying the normal a common line, are called the 



Eg. 87. 




angles of incidence {A hi/), 
and reflection (&' h c). 

It may be shoivn from 
geometry that — 

A + a^^^a'lc) =ahaf. 

And 

By snbstitation, 

J[ c & (=-4 + 2 a')=^ c m. 

Also, 

A+2a'=iA+a. 

Hence, a=2 a\ 

If the mirror c be fixed perpendicularly to the plane 
of reflection, and the mirror h be fixed on an axis also 
perpendicular to and on the same side of that plane, the 
angle which h shall pass through, as A recedes from m, 
will be one half the corresponding angle at a. The ar- 
rangements and construction provide for measuring on 
a fixed graduated arc the angle passed over by the index 
line h a' as it revolves on the axis of & to cause the ray 
J. 6 to be reflected from c to a, coincidently with the 
direct ray m a, passing through the transparent or un- 
silvered part of the crystal c. It may be seen by a little 
consideration that when the observed objects are near to 
a, a correction for parallax should be made on the mea- 
sured angle. This parallax is the angle at the object 
seen by 'reflection, subtending the line a h, which for 
most practical purposes, and distances of about 1,000 
feet and upwards, may be disregarded. 

The mirrors are usually made of glass, with highly 
polished parallel faces, silvered on one side. These mirrors 
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should be set with the planes of their £bu%s perpendicular 
to the same plane, so that the reflected and direct rays 
from a distant object may travel in the same plane, 
nsuaUy called the plane of- the instmment. To accom- 
plish this, th^ half-silvered mirror should be fixed per- 
pendicnlarlj to the plane of the instmment. The mirror, 
which revolves on the axis carrying the index arm v, 
shonld be set or fixed on the axis bar with a line in its 
plane parallel to the axis line, so that when the latter shall 
beadjnstedperpendicnlarljtothe plane of the instmment^ 
the fiice of the former shall be also perpendicular to the 
same plane. It may be seen that the line of travel of 
the vernier v -will be in a plane parallel to the plane of 
the instrument. The graduated arc// (fig. 86) is made 
to fit to the travel of the vernier, as scribed from the 
same centre. The zero of the graduated arc and the 
zero of the vernier should be so adjusted that they 
shall coincide when the planes of the mirrors shall be 
parallel. The parallelism of these planes will be verified 
if the direct and reflected image of a well-defined remote 
object, beyond the range of appreciable parallax, be 
found to coincide. If the sun be the remote object, dark 
glasses should be interposed hjhhix) moderate the light. 
For delicacy of movement, the index arm v is moved by 
gearing worked with the milled head d. A microscope 
z is carried by a spring bar on v to assist in reading the 
vernier and the graduations on the graduated arc. The 
numbering of the graduations on the arc// is so made 
as to give the reading double the actual arc or angle. 
For some purposes a telescope is added at a'. 

The instrument may be examined and adjusted as 
follows : — The direct and reflected images of the opposite 
limbs of a luminous body, of sensible diameter, such as 
the sun, or moon at * full,' should be brought successively 
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in contact, and the readings of the vernier noted for 
each. If the readings from zero give the angles eqnal, 
the index mirror will be properly set. If these angles 
be not eqnal, one half the difference should be cor- 
rected with the screw-head c. If this be correctly done 
the readings for each of the opposite contacts will be 
equal if there be no index error. If in passing from 
one contact to the opposite the reflected image does not 
completely cover the direct image, the plane of the fixed 
glass will not be, as it should be, perpendicular to the 
plane of reflection. To adjust the fixed glass truly per- 
pendicular to this plane, the key end r should be worked 
so as ' to make the coincidence of the images perfect.* 
Well-defined terrestrial objects may be selected for these 
adjustments if they be sufficiently remote to render the 
parallax inappreciable. 

Measubinq Anqles with a Box-Sextant. 

In measuring angles with a box-sextant, the graduated 
face will be up or down, according as the object seen 
directly shall be on the left or right-hand side of the 
observer, looking towards a point between the observed 
objects. When the axis of two objects are brought into 
apparent contact, the contained angle may be read off 
on the graduated arc. As the angle measured with the 
sextant is in its plane, the range is greater than with the 
theodolite or the prismatic compass. This increase of 
range is not, however, of much practical importance, as 
the position of points are mostly required on horizontal 
or vertical planes. For the measurement of angles in 
these planes, the theodolite is much more suitable, as 
the horizontal plane is not determinable with the 
sextant. For the measurement of vertical angles, a 
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reflectmg horiion, natoral or artificial, is required. For 
this purpose the instnimeiit should be held so as to ob- 
serve the elevated object hj double reflection, so that 
the ' direct ' raj will be a reflected raj from the reflect- 
ing horizon. It is easj to see that the angle measured 
inll be doable the angle of altitude. Angles of depres- 
sion cannot be measured with the sextant. 

The opHeal square is a reflecting instrument sinular 
to the box-sextant, with its mirrors set at an angle of 
45° to determine an angle of 90^. 

Levelunq Instbumekts. 

Levelling instruments are designed to facilitate the 
accurate determination of points in the horizontal plane 
of the station of the level telescope axis. The perpen- 
dicular to this plane at the levelling instrument will be 
the resultant of centrifugal force and gravitj. Aa ihe 
perpendicular to such resultant line will alwajs be a 
level line, it^ follows that the spherical is also the level 
sur&ce, and hence that lines in the horizontal plane 
of the levelling instrument are tangents to the level 
sur£ftce at the point. The surface of water in a still 
pond is an illustration of a level surface, as it is per- 
pendicular to the resultant of centrifugal force and 
gr&Yity at every point on the surface. 

If a glass tube, bent to a curve of large radius, be 
almost filled with water, or other liquid, and its ends 
hermeticaUj sealed, the air bubble remaining in the tube 
will stand at the middle when the ends are placed down- 
wards, if it does not occupj the whole base of the tube. 
If the ends of the bent tube be supported on a plane 
surface, so adjusted that a change of the ends of the tube 
for all points in a circle to a radius of half the distance 
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between these ends from one point to another on the 
plane shall not be accompanied by a change in the position 
of the air bubble, the plane will be horizontal, and coin- 
cident with the corresponding level snr&ce at the bent 
tube point. 

In levelling instraments this plane is almost invariably 
determined as above. Sometimes, as in the case of 
' water levels,' the tube is made concave and the ends 
open. In this case the water surface determines the 
level line. Reflecting levels are differently adjusted, by 
the action of centrifogal force and gravity, to have the 
reflecting surface in the resultant of these forces. These 
instruments have a very limited range. To increase the 
range and ensure accuracy in the determinations, an 
optical contrivance of the telescope class is necessary. 
This is usually done by adjusting the optical centre line, 
or line of collimation of a telescope, to the horizontal 
plane. 

Levelling instruments for the increased range neces- 
sarily consists of at least two parts, the one regulated by 
the combined action of centrifagal force and gravity, the 
other a combined optical and mechanical arrangement. 
The latter is somewhat different in different makes of 
the instrument, which want of sameness is, however, 
confined to details. 

The T Level. 

This level, so named from the form of its bearing sup. 
ports for the telescope, is a very simple and efficient 
instrument. The Y level in its simplest form need not 
be provided with an arrangement for adjusting the axis 
in a truly vertical position, as in the case of the theodolite, 
already described. In most instruments of this class, the 
arrangement of the telescope and its supports are similar 
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to the Hke parts in the theod':r:gy wxtii this difiEezcnee, 
that both the Ts in the theo<L:Iire are fixed to the hon- 
smtal, or diaznecne bar, whilst in the ler^ onl^r one of 
tile Ts ia ao fixed. The other T fits into a socket g at- 
tached to the ere end <^ the kc^iacnttal har k (fig. 88). 
A miHed head screir works into a coi ge spon ding screw 
m the lower part of y, on the end of whidi screw the 
aoeket end of the T piece bears. The honxontal bar 
is firmlj attachel at the middle to a socket, which fits 
aecnratelj an axis pin attached to the stand-plate. In 
die more recent make or construction of the instrmnent, 
the axis pin is connected with plates and screws^ p s, 
to those in the theodolite. 




The adjustment of the line of ooUimation is essentially 
the same as for the theodolite, already described. One 
of the wires, &, of the diaphragm will be horizontal when 
the tevel tube shall be directly nnder the telescope. The 
lerel tnbe if may be placed parallel to the axis of T, — ^the 
line of collimation, — as already described for the theodo- 
lite. The adjustment may be also made by using the 
screw friy instead of the parallel plate screws. In the field 
adjustment of the level, the parallel plate screws, or the 
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screw m, may be used for the purpose of bringing the 
babble to the middle of its* ran. In the former mode 
the axis should be adjusted truly vertical by placing the 
telescope successively in the vertical planes of diameters 
passing through the axis plate screws s «, which make 
right angles with one another. This adjustment will 
be universal. In the latter mode the adjustment made 
with the screw m must be made independently for every 
point observed. From this explanation, and an inspec- 
tion of the illustration, it will appear that it does seem 
unnecessary to provide two contrivances in the same in- 
strument for eflfecting the same thing : this has received 
some consideration from levelling instrument makers. 

On the horizontal bar a miner's dial box is placed, 
with its zero diameter in the vertical plane of the line 
of collimation. To the vertical axis and socket a clamp 
and slow-motion screw, / and c, is attached, with which 
the accurate bisection of an object in the field of view 
may be made, to obtain the magnetic angle. The in- 
strument may be used for- limited traverse surveys in 
certain cases. 

There is another class of levelling instruments, in 
which the particular contrivance mg is dispensed with. 

The Dumpbt Level. 

The Dumpey, Troughton's, and other levels, in which 
the axis plate and its screws are the only provision for 
placing the axis vertical and the line of collimation in 
the horizontal, are improvements on the Y level. The 
essential parts are a vertical axis, with its plate and 
plate screws, and a level tube and telescope with a 
vertical axis socket. In all the makes of the level, up to 
very recently, the instrument was uselessly encumbered 
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witH a compass box, and card. This is being dispensed 
wiih latterly, and the telescope made to bear on the 
horizontal bar, to which it is attached by a screw ad* 
justing arrangement. In all the makes or forms of this 
class of level, except Tronghton's, in. which the level ti^be 
is fixed, the screw arrangement for adjusting the prin- 
cipal or direct ray of the object glass perpendicular to 
the vertical axis is altogether unnecessary, and should be 
dispensed with, and thus diminish the number of parts 
liable to get out of adjustment. 

The essential adjustments are — ^the placing of the 
level tube perpendicular to the vertical axis, so that when 
the latter shall be truly vertical, the bubble shall remain 
at the middle of its run during an entire revolution of the 
instrument on its vertical axis, and the placing of the 
cross wire of the diaphragm on the image of objecte or 
points in the external horizontal ray. In the illustration 
(fig. 89) the essential parte are shown at «, T, t, y. The 



Fig. 89. 




. H f I B/ 




necessary instrumental adjustmente are made with the 
screws df df and yy. The field adjustmente are made 
with the screws as. In the present arrangement of the 
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parts the connectioiis a,t dd are tumecessary, as already 
stated. A similar, but indispensable, connection is shown 
at d' d'. This consists of an arrangement of screws under 
tension and compression, whereby the adjustment of the 
parts may be delicately and securely made. The arrange- 
ment of the adjusting screws at d! d! is as follows: — 
Threaded screw holes are made in the snugs d! d', on a 
centre line parallel to the centre line of the telescope. 
Corresponding holes are made in a corresponding line in 
the end snugs of the tube t, but somewhat larger, to allow 
broad-headed screw pins to be worked into the holes in 
d'd'. In each of the end snugs of the level tube a screw 
hole, on each side of the centre line hole, is made, into 
which a capstan-headed screw pin works, so as to bear 
on the snugs d' d'. This arrangement of the extreme 
screws under compression, and the intermediate screw 
under tension, provides for a delicate and secure adjust- 
ment of the parts. 

In these levels the telescope is fixed, so that for the 
adjustment or identification of the line of collimation 
other means must be taken than those for adjusting the 
line of collimation in the theodolite and Y level. The 
diaphragm (fig. 90) shows, besides the horizontal wire, 
two vertical wires, between which the image of the 
stafi* should appear on another parallel line. These 
wires, and those elsewhere described as cross wires, are 
usually fine platina wire, but sometimes silk or spider 
thread fibre.* The tube of the telescope is perforated 
on a vertical diameter for admitting the a<|justing screws 

* The positions of the cross wires are marked on the face of the 
diaphragm ring by V-cut scribes. The wire or fibre should be placed 
in the vertex of the diametric scribes, and fully drawn out before 
securing it with Isinglass, glue, or strong gum. 
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y y to pass freely and be worked into correspondiiig 
screw holes in the diaphragm ring. These 
screws are for adjusting the horizontal wire 
to any required point in the vertical line, and, 
with inside guide pieces, for securing the dia- 
phragm in its place. The position of the 
diaphragm in the telescope is shown a,t y y^ 
(fig. 89). The arrangement for adjusting the image 
of the field object to the focus of the eye-piece, and the 
latter to the plane of the diaphragm, is Rimi1fV7» to 
that already described for the theodoHte in the preceding 
pages. 

Adjustment op the Level Tube. 

The instrument shoxdd be set up as for levelling, and 
the end snugs of the level tube be made to bear on the 
seat snugs d/ d'^ attached to the top of the telescope, with 
all the adjusting screws tightened. The level tube being 
so seated, and the telescope placed parallel to a screw dia- 
meter of the axis plate, the bubble should then be brought 
to the middle of its run by means of these screws, and 
the instrument placed again parallel to the same diameter 
by cautiously turning it on its vertical axis, to reverse 
its ends. If the bubble now stands at the middle of its 
run, the level wiU be perpendicular to the vertical axis. 
If, however, the bubble does not stand at the middle, it 
should be brought back one half the distance with the 
vertical axis plate screws, 8 8, loosening the one before 
tightening the opposite, and the remainder with the 
adjusting screws at d^ d\ This adjustment should be 
also made by placing the telescope parallel to a perpen- 
dicular diameter through other screws 8 «, without dis- 
turbing the stand of the instrument, and again repeated 
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in the former or first position to verify the accnracy 
with which the adjustment shall be made. When the 
adjustment shall be accurately made, the bubble will 
remain fixed at the middle of its run during an entire 
revolution of the instrument on its vertical axis. 

The Telescope. 

The telescope is invariably achromatic. It is usually 
made of two principal parts— an internal and external 
tube. The eye-piece is placed on the one, and the 
object-glass on the other. The motion of the internal 
tube is regulated with a milled head on the side of 
the telescope, which works gearing inside, as in the 
telescopes of other instruments. In this form of the 
leveUing instrument the direct or unbent ray passing 
through the centre of the object-glass, usually called the 
optical axis, may not be in the centre Hue of the telescope 
tube— the line of motion of the inner tube. For the 
purpose of levelling, it is not necessary, although it is 
desirable, that these lines should coincide exactly. Until 
very recently, it was assumed that for the purpose of 
levelling these lines should coincide ; and to this er- 
roneous view of the dioptics of the telescope is due the 

Fig. 91. 




unnecessary provision, already alluded to, for adjusting 
the centre Hue of the telescope perpendicular to the 
vertical axis. Now it may be seen by a little considera- 
tion that the parallel rays m o falling on the object-glass o 

o2 
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(fig. 91) converge, and pass tlirougli the principal focns 
/ on the opposite side of the lens. If one of the con- 
verging raja he placed horizontal, the image of all points 
in this horizontal ray wiU he always in the parallel part 
of the path of that ray, on the opposite side of the lens; 
and if to the parallel path of the horizontal ray the in- 
tersection of the cross wires of the diaphragm be adjusted, 
all points, the image of which shall be at the latter point, 
will be points in the converging horizontal ray or line. 
This line will therefore be the line of collimation of the 
telescope. The line of collimation will not be a single 
straight line if the intersection of the cross wires be not 
exactly in the centre line of the object-glass. 

In the diagram A represents the object-glass, J? the 
centre or optical axis line, / the principal focus, or focns 
for parallel rays, o' m' a horizontal ray, and m o its 
internal path on the B side of the lens ; which is also the 
direction of motion of the inner tube and the line of 
collimation, to which the intersection of the cross wires 
should be adjusted. 

It will depend on the accuracy and perfection of the 
adjustment of the fixed parts whether the line of col- 
limation shall coincide with the centre line of the lens, 
or with a line parallel to it.* In all cases the adjust- 
ment and verification of the intersection of the cross wires 
or the horizontal wire to the internal path of the hori- 
zontal line, or line of collimation, may be made as 
follows :— 

« It is believed ex-Professor Blood, Queen's Collie, Gtelwaj, 
was the first in these countries to direct attention to the true deter- 
mination of the internal path of the outward horiJEontal ray. 
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Betermination of the Lme of OollimaMon. 

The level should be set np on firm ground, sloping 
about 1 in 120, and accurately adjusted for levelling. 
Equal distances in a straight line should be measured 
both ways from the level, and their extremities marked 
with a hard wood peg driven securely into the ground. 
These pegs are represented in the diagram (fig. 92) at 
a h, A being the station of the level ; A a (^=sA h) may bo 
any convenient length, say about 4D0 links or SOOfb. The 

Fig. 92. 
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level stafiP, which is a painted scale of equal parts, should 
be held upright on the peg a, and a reading taken off it 
from A, taking the top of the horizontal wire, if the latter 
be not a fine fibre, as the line for reading. Before entering 
or completing the reading, the eye should be moved about 
before the eye-piece, to ascertain if there be, or be not, 
parallax; which, if there be, should be removed, as 
already explained. In like manner a reading should be 
taken off the staff held on the peg b without disturbing 
the level at A, and the verification made as already 
directed for readings in the measurement of angles. 
Let -4.', B', represent these readings, then A'^B' wiU be 
the difference of altitude between the points a and h. 
The level should be removed to a point B, near 5, in the 
straight line a &, and adjusted for levelling as before. 
From B readings should be taken off the staff held up- 
right on the pegs at 5, a, and verified as already 
explained. Calling these readings 6', a', respectively, we 

will have, when the horizontal wire shall be in the line of 

o 3 
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coUimation, A! * B^^^a! — (^' + ; e bemg the difierence 
of the earth's sphericity for the distances B d^Bh. It 
may be seen by a little consideratioiL that when A'-^B' 
shall be greater than a' ^ (b' + c), the horizontal wire will 
be an inclined line, reading below the horizontal ; and 
when A'^Bf shall be less, the line will be inclined up- 
wards. Also when A'^W shall be eqnal ixia'^V^ the 
line of reading will be inclined downwards to compensate 
for the difference of the earth's cnrvatore for the distances 
Ba,Bh. 

Now let {A'''B')-{a'-h'--c)^±D, Then by pro- 
portion ah : ±D\\aB : ±jy. And a!±iy will be the 
reading from the station B^ on the staff held npright on 
the peg at a, to the image of which, with the level un- 
disturbed, the horizontal wire should be adjusted for 
the identification of the horizontal Hue, and the de- 
termination of points in the horizontal plane. By 
means of the diaphragm screws y y the horizontal wire 
should be adjusted to make this reading on the staff. 

In the adjustment just described there is no attempt 
made to account for the unnecessary complicated roles 
and directions which have been advanced in some books 
on the subject, that are otherwise deservedly of good re- 
pute. Allusion is here made to the rules usually given for 
adjusting the level which generally bears Mr. Gbavatt's 
name, and which has formerly obtained much undeserved 
favour. The reader who will have made himself ac- 
quainted with the simple formula and directions given 
above, will find himself sufficiently instructed for making 
the adjustment. 
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IXPBBIAL StASDAKD MsASCBSS. 



MBAsrsiB or 



12 
3&et .... 

40 poles 
8 fnxloiigs, or 1760 jnuds 



IfiioL 
1 jazd. 
1 poleariod. 
1 fkniong. 
1 mile. 



La$id Meantre, 



7'92 ineliM 
100 links, or 22 jazds 
80 chains . 
691 21 mUes 



llink. 

1 eiiain. 

1 mile. 

1 geo. degree. 
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Particular Measures of Length. 



4 inches. 
6 feet . 
120&thom8 
6poiiita 
12 lines . 

3 inches 
9 inches 

144 sqnare inches 
9 sqnare feet . 
30J- sqnare yards 

4 roods, or 4840 8q< 



yards 



1 hand. 

1 fftthom. 

1 cable's length. 

1 line. 

1 inch. 

1 palm. 

1 span. 

1 square foot 

1 square yard. 

1 square pole. 

1 acre. 



Measubb of Subfacb vob Land. 

1 square link. 
1 sq. chain. 
1 acre. 
1 sq. mile. 



62*7264 sqnare inches 
10*000 square links 
10 square chains . 
640 acres 



Angular Measure ; or. Divisions of the Cirde. 
60 seconds . . . .1 minute. 



60 minutes 
30 degrees 
90 degrees 
360 degrees, or 12 signs 



1 degree. 

1 sign. 

1 quadrant 

1 circumference. 



Nautical Measure, 

1 nautical mile . 6082*66 feet 

3 miles ... 1 league. 

20 leagues ... 1 degree. 

360 degrees . the earth's circumference. 

Prench Measures and English Imperial Standard 

Equivalents. 

Mbasubbs of Length. 

No. of metres. 

0-001 (millimetre) » 0*0032809 English feet 

0*01 (centimetre) » 0*0328090 „ 

0*10 (decimetres) «- 0*3280899 „ 
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No* OE mfltra* 

1 (metre) » 8-2808992 English feet 

10 (deeameties) -- 82*808992 „ 

100 (hectometres) - 828*08992 „ 

1,000 (kilometree) -> 8280*8992 „ 

10,000 (myriometres) -> 82808*992 „ 

2'639964 centimetres » 1 inch. 

0*914383 metres — 1 yard. 

3*047944 decimetres « 1 foot. 

1*609315 kilometres » 1 mile. 

The standard here is the metre, which bean relation to the cir- 
cumference of the earth ; being the one-forty millionth part of such 
circumference, or the one-ten millionth part of the distance between 
the equator and either of the poles. 

MXASUBB OF SUBFACB. 

Standard, the 'Are,' being a wai&uce of 100 metres each way. 

In Bnglish Aflies. 
Centiare, or 1-lOOth part of an * Are ' » 0*000247 
ABE » 0*084711 

Hectare, or 100 < Ares ' » 2*471143 



1 square yard » 0*836097 oentiares ; 1 Acre » 0*404671 hectiare. 

The following measures of land formerly obtained in 
these countries : — 

English standard chain >■ 66 feet. 

Irish plantation chain « 84 „ 

Scotch Cunningham chain mi 74*915 „ 

The areas of similar plane figures are to one another as 
the square of their corresponding sides. From this we 
have the areas expressed in different units of surfistce in- 
versely proportional to tlie squares, if the sides of the 
equal figures be expressed in corresponding different 
units of length. By this proportion, statute measures of 
Rurface may be reduced to Irish plantation or Cunning- 
ham, and either of these to the other, or the former from 
the above lengths of the corresponding chains. 
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SELECT PLATS of SHAESPEAHE, with Explanatory 

•nd ninstntiTv Notes, Giitloal Bemarks, and other Aids to a thoxough tmder- 
standing of each Drama. Bdlted for the nae of Bohools and Papils preparing for 
Bxamination 12ino. Okx Bhiijjng each Plaj. 



RICHARD n. 
RICHARD ni. 
HBNRY Vni. 
JULIUS OJifiAB. 

coaioLANua 



AS YOU LIKE IT. 
MBRGHANT nf YBNIOB. 
Th» TBMFBST. 
HAHLBT. 



KINaLBAB. 
MACBETH. 
OTHELLO. 
AinX)NY and 
GLBOPATBA. 



BOOKS L and TL of MH.TON'S PARADISE LOST: 

with a Proee lYandatlon or Paraphrase, the Parsinff of the more Diffienlt Words, 
Specimens of Analysis, and ntmiexons XUnstranTe Notes, for t^e use of 
Candidates •••• 12mo. prioe Is. 6d. each Book. 

EXAMINATION-QUESTIONS on the FIRST TWO 

BOOKS of MILTON'S PARADISB LOST, and on SHAKSPEABE'S JCSA* 
CHANT 4r VMinCB, for the nse of Middle-Class Candidates 12mo. Is. 

MH.TON'S COMUS, L' ALLEGRO, and IL PENSE- 

JlOflrOfWlth nnmeroos Notes, oritieal, illostratiTe, and explanatory: adapted for 
nse in Training Colleges and Schools lSmo.l«.6d. 

EXERCISES i/i ENGLISH PARSING, Progressively 

arranged and adapted to the Author's Text-Book of Bnalith Cframmar zjwith 

gnestions suggesting a Course of Oral Instruction for Junior Pupils. Tenth 
dition. • ••••• ISmo. 6d. 

PARAPHRASING and ANALYSIS of SENTENCES, 

simplified for the use of Schools, forming a Manual of Instruction and Bzerciae 
for the use of Students, Teachers, Ac ISSmo. Is. Sd.— Kit, Is. Sd. 

SCHOOL MANUAL of LETTER WRITING: Containing 

numerous Models of Letters on CommeroiiJ and other suhjects ; with Exercises in 
Epistolary Composition, Bules of Punctuation, Explanations of Abbreviated 
Titles, Commerdal Terms, &c. Second Edition 12mo.l«.6d. 

INTRODUCTION to the WRITING of PRECIS or 

DIGESTS, as applicable to Narratives of Facts or Historical Events, Corre- 
spondence, Evidence, Oiflcial Documents, and Gtoieral Composition: with 
numeroQS Examples and Exercises. Fourth Edition 12mo. 2s. — Ksr, U. 

BACON'S ADVANCEMENT of LEARNING, Anno- 

tated Summary of Books I. and II. with numerous Extracts from the Work and 
Specimens of Examination-Questions. •... 12mo.2f. 

JOHNSON'S RASSELAS, with Introductory Remarks, 

Explanatory and Grammatical Annotations, Specimens of Interrogative Lessoiu, 
Answers to Examination-Questions, &c ISmo.Ss.M. 

TEXT-BOOK of ENGLISH GRAMMAR: a Treatise on 

the EtymolosT and Syntax of the English Language; including Exerdaes in 
Parsing and Fonotuation : an Etymological VooaDuluy of Grammatioal TemUt 
and a copious List of the principal Works on English Grammar. New Editioa; 
and thoroughly Bevlsed 12mo.2«.M. 



London : LONGMANS and CO. Paternoster Row. 



School Boohs by the Rev. J. Hunter, M.A. 



EXERCISES in the FIRST FOUR RULES of ARITH- 

METIO, oonatraoted for the Application of New Artiflolal Tests, by which the 
Teacher may expeditioiisly ascertain the Oorreotnesa of the Besnlts. Third 
Edition 12mo.6(l. 

SOLUTIONS of QUESTIONS in ARITHMETIC and 

BOOK-KEEPING nsed in the Civil Service Examinations of 1808, and published 
in the Appendix to the Eighth Report of the Commissioners : with aSnpPLBXxirT 
containing Examples in Acoonnt-States. &o • ....12mo. It. 6d. 

MODERN ARITHMETIC : a Treatise adapted for School 

Work and for Private Study ; containing numerous improvements in aid of the 
Preparation of Candidates for Public Examinations. 12mo. 8<.6(l.— Kbt, prioe fi«. 

MERCANTILE EXERCISES in ADDITION of MONEY 

and In the CALCULATION of PER-CENTAQES ; including numerous 
Examples of a Qenend and Simple Method of treating Per-Centage Problems, 
with Answers to the Exercises 12mo. 1«. 3d. 

EXAMINATION-QUESTIONS in BOOK-KEEPING by 

DOUBLE ENTRY, preceded by fuLn Directions for the True Stating of Dr. and 
Cr.; with Answbbs, providing the means of solving all the Problems and 
Exercises relating to Account-Books in the Civil Service and other Examination- 
Papers 12mo.2«.6d. 

HUNTER'S EXAMINATION-QUESTIONS and DIREC- 

TIONS. as above, separated from the Ahswxbs ..••«. • ISmo.l*. 

RULED PAPER for the various Forms of Account-Books 

required in Huntsb's Examination-Questions in Book-keeping, 5 sorts, prioe 
It. 6d. per Quire. 

PROGRESSIVE EXERCISES in BOOK-KEEPING by 

DOUBLE ENTRY, including Account-States, Partnership Accounts, Private 
Journal, and Ledger, &c 12mo. l«.6d. 

An EASY INTRODUCTION to the HIGHER TREATISES 

on the CONIC SECTIONS 12mo. 8<. 6d.~EsT, 2«. 

EXAMINATION-QUESTIONS on COLENSO'S ELE^ 

HSNTScfJIiGEBJU^FAXil 18mo.2«.6d. 

ELEMENTS of PLANE TRIGONOMETRY, for Begin- 

ners ; with numerous Problems, and Tables of all the Natural Sines, &c. required 
for the Solution of the Exercises 18mo. 1«.— Kit, 9(Z, 



ELEMENTS of MENSURATION, simplified for the use of 

Beginners ; with numerous Original Problems and Progressive Exercises. New 
Edition, Revised and Stereotyped • 18mo. 9d.— Kst, Od. 



TREATISE on LOGARITHMS : with Copious Tables of 

Selected Logarithms : explaining simply the Nature and Use of Logarithms and 
Logarithmic Tables, the Principles and Methods of their Construction, and their 
Application : with numerous Examples and Exercises .18mo. 1«.— Kst, 9d. 



London : LONGMANS and CO. Patemoster Row. 



NESBirS PRACTICAL MENSURATION AND 

LAND SURVEYING. 



A thoroagU J reriaed Editaon, augmented by a Treatise on LereOiog, 

Friee 6*. boond, 

A TREATISE 



ON 



PRICTICAI 



MEISTTRATIOU, 

In Ten Parts ; containing — 



The moit »wiu» e d ¥ fi t hn<lii at Dnwing 

Qtfouustricftl Figures. 
Meiuaxmtioii of Bapcrfldea. 
Land Snrr^jliig. 

Mengnratton of SoMb. 

The oee of the Carpenter's Bole. 

Timber ICeamire, in whidi is shown the 
Method of Measnring and Valuing 
Standing Timber. 

Arttfloers* Works, iUnstnted t^ the Di- 
mensions and Contents of a House. 



of HaystafdDB, Drains, Ca- 
nals, MarlpitB, Ponds, Hill-dams, Bm- 
bankments. Quarries, Ooal-he^is, and 
Clay Heaps. 

Conic Sections and their Solids. 

The most useful Problems in Gkraging ac- 
cording to the New Imperial Measures. 

Rane Trigonometry with its application 
to the Mensuration of Heights and 
Distances. 

Trigonometrical Surreys. [tectnre. 

A Dictionary of the Terms used m Archi- 

Bj AiTTHOKT Nbsbit. Now Edition, enlaiged and much improved. To 
which is added, a Treatise on Levelling. The Two Treatises illustrated 
by above 700 Practical Examples and about 300 Woodcuts. 

KEY to NESBIT'S PRACTICAL MENSURATION, 

containing Solutions to all Questions which are not answered in that 
work ; with Reference to the Problems, Rules, and Notes, by which the 
Solutions are obtained. Corrected to correspond throughout with the 
Improved Edition of the Treatise. 12mo. price 5«. bound. 

AUo, with nuTtierous Hates, WoodctUs, and Engraved Flans, 

in 8vo. price 12«. doth, 

NESBIT'S PRACTICAL LAND-SURVEYING, for the 

use of Schools and Private Students. Eleventh Edition, revised and 
enlarged. By William Bubness, F.R.AS. Professor of I^actical Land- 
Surveying. 



* The new edition of this standard trea- 
tise is an extremely oomprehensiYe and 
elaborate work ; the practical instruc- 
tions which are given and illustrated in 
great detail, being prefaced in every case 
by a discuasion of the theorems on which 
they are founded : so that both the sci- 
ence and practice of surveying, and of 
computation as applied to the quantity 
and value of land, are amply explained 
and described. Mr. Burnsss has done 
good work as editor, and fully justified 
the reputation which as a veteran agri- 
cultural writer he had already acquired.' 
Gardeners' Chronicle. 



* The repute in which this book is held 
as a standard treatise on land surveying 
is a sufQcient recommendation. The faci 
of its having passed through ten editions 
says more for its usefulness tiian any 
critical commendation could dj, and 
proves that great practical value attaches 
to it on the score of its own merits. The 
eleventh edition is however the most 
complete that has yet appeared, having 
been revised by a gentleman whose ex- 
perience has added greatly to the details, 
and who has in addition explained a fev 
modem processes and operations whicb 
have come into general practice since tt» 
treatise was last revised by its lai« 
Author.' Brll's Mbssengkb. 



London: LONGMANS and CO. Paternoster Row. 
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GENERAL LISTS 

or 



SCHOOL-BOOKS 

IfxsBBB. LONQMANS, GBEEN, ahs GO. 



The School-Booki, Atlaies, Mapi, &c. compriied in this Catalofpie 

may be inipected in the Educational Department of Messrs. Lonomanb and 
Co. sy Paternoster Row. London, where also all other works pablisbed by 
them may be seen. 

♦ — ^ 

English Beading-Lesson Books, 

Bilton't Infiunt Primer for School and Home use, 18mo 8d. 

— First Beading Book/XeMont in Monosyllables, 18mo 4d, 

— Second Reading Book, in Words of One and Two syllables, 18mo 6d. 

— Third Reading Book, Boy** Edition^ fop. Od. or Two Parti* 6d. each. 

— Third Reading Book, QirW JBditioHt nearly ready. 

— Fourth Reading Book, nearly ready. 

— Fifth Reading Book, or Poitioal Rtadtr, tap. Is. 8d. or Two Parts, 9d. each. 
Stevens and Hole's Grade Lesson-Book Primer, crown 8vo 8d. 

— — — First Lessons in Reading, Twenty-four Folio Sheets is. 6d. 

» — — Ck>mt>lete Reader, for Upper and Middle-Class Schools t 

1 . The Primary Reader 1 s. 6d. i 8. The Exemplar of Style 8s. 6d. 

2. The Intermediate Reader . . is. I 4. The Senior Class Reader 8b. 

Stevens and Hole's Grade Lesson Books, in Six Parts, 12mo 5m. 8d. 

The First Standard, pp. 96 0d. I The Fourth Standard, pp. 160 .. 9d. 

The Second Standard, pp. 188 ... . 9d. The Fifth Standard, pp. 224 .... Is. 8d. 

The Third Standard, pp. 160 9d. I The Sixth Standard, pp. 22t .... Is. 8d. 

The First Standard may be had in Two Parts, price 4d. each : and Standards II. and 
III. in Two Parts, price 6d. each. Answers to the Arithmetical Exercises in 
Standards II. III. and IV. 4d., in Standard V. 4d., in Standard VI. 8d., or com- 
plete, price Is. sloth. 

Stevens and Hole's Advanced Lesson Book, l2mo. Ss. 

M*Leod's Fhrst Reading>Book, for Families and Schools, 18mo 8d. 

— Readhig Lessons for Infont Schools, 80 Broadside Sheets 8s. 

— Second Reading-Book for Families and Schools, 18mo 8d. 

~ First School-Book to teach Reading and Writing, l8mo 6d. 

— Second School-Book to teach Spelling and Beading, 18mo 9d. 

IsUster's First Steps in Reading and Learning, 12mo ls.6d. 

The Gradui^ Series of Reading-Lesson Books, 5 voIjr 7s. lid. 

Morell's Elementary Reading Book or Primer, ISmo 2d. 



fiookl 8d 

Book II. pp. 264 Is. Sd. 

Book in. pp. 812 I8.6d. 

Book IV. pp. 440 28. 

Morell's Abridged Edition of the Graduated Series of Reading Lesson Books 



Book V. comprehending Readings 
in the best English Literature, 
pp.493 2s. 6d. 



Book I. (or Primer) pp. 61 2(1. 

Book II. pp. 96 6d. 

Book ill. pp, 132 8d. 



Book IV. pp. 18* Is. 

Book V. pp. 220 ls.8d. 

Book VI. pp. 2SS l8.6d. 

Morell's Graduated Series Reading Sheets, 10 Sheets, in bold type 28. 

Jones's Secular Early Lesson-Book, 18mo 6d. 

— Secular Early Lesson-Book. Part II. Proverbs 4d. 

~» Advanced Reading-Book ; Lessons in English History, l8mo. lOd. 



London: LONGMANS and CO, Par^moster Row. 



s Oeneral Lifts of Sohool-Books 
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Ibrott'sSMMQi, or StorlM for Young Children, 4 voli.l8ino eadxSs. 

SoIUtbii's UUnir GbM-Book; RMtdlnga in BngUth Llterator*, fop Ss.6d. 

lUnn*! LoiioM to Qmmnl Knotrledf, wUh woodcaU, fop 8s. 6d. 



Writifl^f'Books, 

The BoBdy Writer, a OooTM of 18 Graduated Copy-Books' each Sd. 

An SditloB. printed in Pencil ink. of The Beady Writer. Books I. to YIII.. marked 
severally Books A to H, may also be had. price Threepence eadi Book. 

Combee, Stevens, and Hole's Complete Writer; a Set of 16 Graduated Gopy- 
Books, on Fine Paper, price 4a. fld. per Doien to Teadiers. 

ITLeod's Graduated Series of Nine Gopy-Books each 8d. 

Isbister's Mercantile Copy-Books, comprising a Complete Course of Book- 
keeping, with Models of Commercial Forms. Three Books each Is. 

No. I. Business Forms. Is. No. II. Book-keeiteg, Is. No. III. Book-keeping, Is. 

MuIhavier'B Writing Books, ts. per doi., 16s. per 100. 

School Poetry Books, 

BUton's Poetical Header for aU Classes of Schools, fop. Is. 8d. or Two Parte, 9d. each. 

M'Leod's First Poetical Beading Book, fcp 9d. 

— Second Poetical Beading-Book, fop. ljB.8d. 

Cook's First Book of Poetry for Elementary Scfaoola, 18mo Ml. 

Readings in Poetiy.ftom the SogUsh Poets, fop Ss.6d. 

Twells's Poetry for Bepetition, comprising 900 short pieces, 18mo. as.6d. 

Hughes's Select Spedxnens of English Poetry, 12mo Ss.6d. 

Playtime with the Poete, Selections for the use of Children, by a Lady, 16mo . . 6e. 

Taylor's Seleotlons from Contemporary Poets, lOmo. 5s. 

Graham's Studies from the English Poete, ISmo. 6s. 

Gray's Poems, with Notes {BrUith India Claatiea), fop 2s. 6d. 

Scotf s Lady of tthe Lake, Casxos I. and II. iBrititk ImOia Clanie$\ fop 2s. 6d. 

English Spelling-Booh. 

Barford and Tilley's English Spelling, 16mo Is. 6d. 

Combes' and Hines' Standard Grammatical Spelling Book, 12mo. Is. 6d. ; or in 

Four Parte, Part I. price 6d. and Parte II. III. and IV. price Od. each. 

Sewell's Dictation Exercises, Pint Series, ISmo. Is. Second Seriee 2s.6d. 

SulUvan's 8pelling-Book Superseded, 18mo Is. 4d. 

— Words Spelled in Two or More Ways, 18mo. lOd. 

Davis's Complete English Spelling and Dictation Book, 18mo. Is.Od.; or in 

Two Parte, Junior and Senior, price 9d. each. 

Johnston's Civil Service Spelling Book, fcp Is. 

Bobinson's Wakefield Spelling Book, Parte in. and IV. 12uio 2s. \ 

Grammar and the English Language, 

M'Leod's Explanatory English Grammar for Beginners, ISmo. M. ' 

— English Grammatical Definitiong, fw Home Study id. i 

Bain's English Grammar, Tliird Edition, fcp 88,6d. ' 

Graham's English ; or, the Art of Composition Explained, fcp Ss. 

— English Grammar Practice, fcp. ., 4s.6d. 

SuUivan's Maniuil of Etymology, or First Steps to Engliidi, 18mo. lOd. ' 

— Attempt to Simplify English Grammar, 18mo Is. 

Sydenham's English Grammar and Analysis, fcp 8d. 

Hiley's Child's First English Grammar, 18mo Is. , 

Abridgment of Hiley's English Grammar, IBmo Is.Od. ' 

Hiley's English Grammar and Style, 12mo Ss. 6d. 

Hiley's Exercises adapted to his English Grammar, 12mo. 2s.6d. Key 4e.6d. ■ 

— Practical English Composition, Part I. ISmo lB.6d. Key 2s.6d. 

— — — - PartlLlSmo. Ss. Key 4s. 
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Demans' English Literatare and Gompoflition, fop Sfl. 6d. 

Isbitter's Elements of English Qrammar, Composition, and Analysis of Sen- 
tenoes, ISmo. Is. 6d., or in Two Parts, price 9d. each. 

— First Book of Grammar, Geography, and Uistoiy, 12mo 6d. 

The Stepping-stone to English Granunar, ISmo. Is. 

Smart* a Prinoiples of English Grammar, ISmo 2s. (ML 

— Aooidence of EngUsh Grammar, 12mo Is. 

Hunter's Tezt^Book of English Grammar, 18mo 2s. 6d. 

— Introduction to Pr^s Writing, 12mo. 2s. Key Is. 

^ . JCannal of School Letter*Writing, 12mo. lB.6d. 

Graham's English Style (a Coarse of Instruction), fop 6s. 

Maroefs Willy's Grammar, for the use of Boys, 18mo 2s.6d. 

— Mary's Grammar, intended for the use of Girls, 18mo 8b. 6d. 

Morell's Essentials of English Grammar and Analysis, fcp 8d. 

— Grammar of the English Language, post 8vo. 2s. or with Exercises . . 2s. 6d. 

— English Parsing and Analysis, on a sheet, on cloth, Ss. or on rollers . . 88. 

— English Parts of Speech, on a sheet, on cloth, Ss. or on rollers 8s. 

-' Graduated Exercises, adapted to the Grammar and Analysis, post 870. 8d. 
Lowres's Grammar of English Grammars, 12mo 8s. 6d. 

— Companion to English Grammar, 12mo 2s. «d. 

Edwarda's History of the EngUsh Language, with Specimens, 18mo 9d. 

— Practical Introduction to English Composition, 12mo Is. 6d. 

Brewer's Guide to English Composition, fcp Ss.6d. 

Boget's Thesaurus of English Words and Phrases, crown Svo 108.6d. 

Arnold's Manual of EngUsh Literature, crown Svo 7s. 6d. 

Isblster's OutUnes of the English Language, Part 1. 12mo 6d. 

Farrar's Chapters on Language, poet 8vo 8s. 6d. 

Latham's Handbook of the EngUsh Language, post 8vo 7s. 6d. 

— Elementury EngUsh Grammar, i;)ost Svo 48. 6d. 

" Maberly's SmaUer English Grammar, fcp 2s. 6d. 

Mflller's (Max) Lectures on the Sdenoe of Language, First Series, 8vo 12s. 

— — — — Second Series, Svo ISs. 

Clark's Student's Handbook of Comparative Grammar, crown Svo 78. 6d. 

Paraphrasing^ Parsing, and Analysis, 

MoreU'i Analysis of Sentences Explained and Systematised, 12mo. 2s. 

Lowres's System of English Parsing and Derivation, Iftno. Is. 

Hunter's Paraphrasing and Analysis of Sentences, ISmo Is. 8d. Key Is. Sd. 

— Progressive Exerdses in English Paxsing, 12mo. 6d. 

— Bacon's Advancement of Learning, Annotated Summary of, fcp 2b. 

Select PliqrB of Shakspeare, with Explanatory Notes, 12mo. each Play Is. 



BichardlL 
Henry VIII. 
JuUus GsMar. 



The Tempest. Othello. 
Merchant of Venice. Macbeth. 
As Ton Like It. King Lear. 
Hamlet. 
• Milton's Paradi»B Lo$tt with Notes, Books I, and II each ls.6d. 

— Questions on Parcidi$e Lott^ I. and IL and on MerekatU of Veniee. ... Is. 

— MUton's GomtM. L'AUeffrot and II Peiueron, with Notes Is. 6d. 

M*Leod's QoldBvaith'B DeurtedVUloffe, and Travellert with Explanatory Notes, 

each Poem, ISmo. Is. 6d. 

— Cowper's 7a«fc, Book I. fAtf Sldfo, with Notes, 12mo. ls.6d. 

Davis's Parsing, Syntax, and Analysis of Sentences, fcp Is. 

Hunter's Johnson's SosmIo*, with Notes, &C. 12mo 2s.6d. 

Broml^s Wordsworth's JBxewnUm, Book L with Notes, 12mo Is. 6d. 

Dictionaries; with Manttals of Etymology. 

Latham's English Dictionary, founded on Dr.JoHvaoK's, Vol. I. in 8parta,4to.708. 
Black's Student's Manual of Words derived from the Greek, ISmo. 28. 6d. 

Iiondon : LONGMANS and CO. Patemotter Row. 



Blaok't Etymologleal Dlctioiiary of Woi^ d«riT«d (h»L tlM Latin, Iflmo 58.6d. 

SnlliTAn'i DicdiMitfy of Um Kngllfth Luusoace, Umo. lB.6d. 

— Dtcttonwy of DerlTatloni* or Introdnctioa to BtTmology, fep te. 

Graham's Emplith Synonymi, CUuMifled and Ezplaiaad, fbpw €b. 

Wbatoly's EnfflUh Synonymi, fcp Sa. 

Smarf a Walkar'a Pronooiielnfr DietionaiT. 8to Ui. 

— Walkar'a Dletionaiy BpltomiMd, Itaao 8a. 

Maondar'i TrMaaiy of Knowladg* and Library of Referenoa, fcp 10aj6d. 

— Bloipraphlcal Treaanry, reconatroctad fay W. L. B. Cataa, fop 10B.6d. 

— Bdentiilo and Literary Treaauiy, reriaed by J. Y« Johnion, fisp. . . .l(li.6d. 

Mocutum, 

labtster'a lUnitratad Speaker, or Self-Inatniotor in Eloeation I%t^ praw. 

Smart* a Praedoe of Elocution, 12mo 4b. 

— Hlstorico-Shakspearlan ReadtnRB, ISmo 5a. 

Bowton's Debater, or Art of Public BpeaUng, fcp 6a. 

Twella's Poetry for Bepetition ; 200 short Pieces and Eztracta, ISmo 2a. 6d. 

HoRhes's Peleet Specimens of English Poetry, 12mo. 8a. 0d. 

Bilton's Bepetition and Beading Book , crown 8to. Sa. 6d. 



Gleig'a School Series. 



A Kew Beriaa of Elementary 8chool*Books ; each Book (in moat inatanoea) 
complete in itself, price 9d. Intended to comprise a complete Ckrarae ot 
Elementary Education. Projected and edited by the Ber. O. R. Glko, M.A. 
Chaplain-General to Her M ^eaty's Forces ; aaaiated by Waltbb M'Lxob, 
F.B.G.S., WiLLTAX HuoHsa, F.R.O.S., The Bev. J. HuiraxB, MJL, Dr. 
B. J. Hurir, M.R.C.8.E., Prof. R. W. Bbowhx, Sf .A., THOiCAa Tats, 
F.B.A,8., A. K. Ibbibtxk, M.A., W. J. Bbtboldb, M.A., and other emi- 
nent Teachers and Promoters of Education.— The Tarimu worka whi<di 
compose Oleig's Sdiool Series are nearly all induded in the body of fha 
present Catalogue, each in the division to which it belongs. 

Arithmeiic, 

Colenso's Arithmetic designed for the use of Schools, iSmo. 4a. 6d. 

Key to Colenso's Arithmetic for Schools, by the Bev. J. Huktsb, M.A., Umo. 5a. 
Colenso's Shilling Arithmetic for Elementary Schools, 18mo. Is. ; with Answers, la. 6d. 
— Arithmetic for National, Adult, and Commercial Schools. 

1 . Text-Book. 18mo 6d. i S. Examples, Part II. Compound ArUhmelie,4<L 

2. Examples, Part I. Simple Arith- 4. Exflmples, Part III . Fraettont, Deekmaie, 

meUe 4d. | DuodeeimaU id. 

5. Answers to Examples, with Solutions of the diffloult Questions la. 

Colenso's Arithmetical Tables, on a Card Id. 

Luptou's Arithmetic for Schools and Candidates for Examination, 12mo. 2b. ed. 

or with Answers to the Questions, Ss. 6d. ; the Answers separately la. 

Huuter'a Modem Arithmetic for School Work or Private Study, 12mo. 8s. dd. Key, Ss. 
Combes and Hinea' Arithmetic Step by Step, 18mo. Is. 9d. or in 2 Parte. . . . each la. 
— Companion Exercise Book to Arithmetic. Oblong 4to. price 

4s. 6d. per dozen to Teachers. 
Combes and Hines' Standard Arithmetical Copy-Books, in Nine Books or 

STurDABDB, price Sixpence each. 
Combea and Hines' Complete AriUimetical Copy-Books. Complete In Nine 

Books, on Fine Paper, price 68. per dozen to Teaohera. 
The Complete Ciphering-Book, being the Nine Complete Arithmetioal Copy- 

Books bound in One Volume. Pric 6e. 6d. cloth, or in 8 Parte, 28. 6d. each. 

M'Leod's Manual of Arithmetic, containing 1,750 Questions, 18mo 9d. 

Hiley's Recapitulatory Examples in Arithmetic, 12mo u. 

Moflktt's Mental Arithmetic, with Key, 12mo l8.6d. 



LoBdoBt LONGMANS and 00. Ffttemoiter Bov.* 



General Lists of Sohool-Books 



M'Leod's Mental Arithmetio, Paxt I. Whole Namben; Past n. Fraotloni, each Is. 

— Solntions of Questions in Arithmetic by First Prindj^es^Sro. 8s. fd. 

— Extended Moltiplioation and Pence Tables, ISmo Sd. 

The Melville Table-Book, compiled by a Teacher per dozen lOd. 

Johnston's Civil Service Arithmetic, 12mo Ss. 6d. Key 4s. 

" Civil Service Tots, with Answers, price Is. 

Tate's First Principles of Arithmetic, 12mo ls.6d. 

— System of Mental Arithmetic, 8vo. Is. 

Hall's Treatise on Differential and Int^i^al Calcnlos, post 8vo 8e.6d. 

Fix's MisceUaneoQS Examples in Arithmetic, 12mo 2b. 6d. 

Davis's Complete Book of Arithmetical Examples, 18mo Is. 4d. Key 2b. 

— Book of Arithmetical Examples and Key, together Ss. 

— Arithmetical Examples. Part I. ISmo. 8d. Key la. or together Is. 4d. 

— Arithmetical Examples. Part II. 18mo 8d. Key Is. 

— Junior Arithmetic, 12mo. 6d. 

— Memory Work of Arithmetic. 12mo. 4d. 

— Grade Arithmetic, Three Parts, 2d. each, sewed : cloth each 4d. 

PjLXT I. Standards 1, 2, 3, and containing 8,000 Examples in the Four Simple Rules. 
Pi.BT II. Standards 4 and 5, and containing 8,000 Examples in the Four CompouHd 

Rules. 
PjLbt III. Standard 6, with 1,000 Examples in Bills of Parcels, Proportion, and 

Practice.! 
Davis's Complete Grade Arithmetic, 8 Parts in One 6d. 

— HaU^nny Arithmetical Cards, Ten Packets eadh Od. 

Stevens and Hole's Arithmetical Examination Cards, in Eight Sets, each Set 

consisting of Twetity-Four Cards. Price Is. per Set. 

E. Practice and Bills of Parcels. 

F. Vulgar and Decimal Fractions. 

G. Simple and Compound Proportions. 
H. Interest, Stocks, and Miscellaneous 

Problems. 
Isbiater's High School Edition of the First Book of Arithmetic of the Irish 

National Board, 12mo. Is. or with Answers Is. 6d. 

Calder's Familiar Explanation of Arithmetic Revised Edition, 12mo. 4b. 6d. 

or with Answers, 5s. 6d. ; the Answers separately Is., the Questions in 

Part II. separately Is. 

Liddell's Arithmetic for Schools, l8mo. Is. cloth; or in Two Parts, Sixpence 

each. The Answers separately, price Threepence. 
Harris's Exercises in Arithmetic and Mensuration, crown Bvo. 28. 6d., with 

Answers, 8s.; the Answers separately 9d. 



A. Simple Addition and Subtraction. 

B. Simple Multiplication and Division. 

C. Compound Rules (Money). 

D. Compound Rules (Weights and Mea- 
sures). 



Book-keeping. 

Isbiater's Book-keeping by Single and Double Entry, 18mo. 9d. 

— Set of Ei^t Account Books to the above each 6d. 

Hunter's Progressive Exercises in Book-keeping by Double Entiy, l&no Is. 6d. 

— Examination-Questions in Book-keeping by Double Entry, l2mo 2s. 6d. 

— Examination-Questions, &c. as above, separate from the Answers. ... Is. 

" Ruled Paper for Forms of Account Books, 5 sorts per quire. Is. 6d. 

Mensuration. 

Hunter's Elements of Mensuration, 18mo 9d. K«y 9d. 

Boucher's Mensuration, Plane and Solid, 12mo 8s. 

Kesbit's Treatise on Practical Mensuration, 12mo. 6b. Key 5s. 

Algebra. 

Colenso's Algebra, for National and Adult Schools, ISmo. Is. 6d. K«y 28. 6d. 

" Algebra, for the use of Schools, Past I. ISmo 48. 6d. Key Ss. 

Hunter's Examination-Questions on Colenso's Algebra, Pabt 1. 12mo. 2s. 6d. 

Colenso's Elements of Algebra, tm the use of Schools, Pabt IL 12mo. 8s. Key 6s. 
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CdlMMo't SnmplMi and XqaatUm Paptn In A]c«tacB,with the Ansiran, iSmo. Ss.6d. 
— Slamente off Algebra, for Teachen and UulTersitgr Stadenta, 8vo. 

lti.6d. Key.ltmo. 7a.6d. 

TMa'iAlgabratnadaEaay.ltmo fia. K«t Sa.6d. 

Raynolda'aKlaniantary Algebra for Becinnara.lSmo.9dL Anawara,8d. Full Key la. 

HaU'iElementa of Algebra, fcp... iSa. 

Tbomaon'i BlaiDBnitary TreaUae on Algebra, ISmo. 6b. Kej 4a.6d. 

Wood'aElcmantaofAIg«bra,b7Land.8vo..,. 128.6d. 

Lund's Companion to Wood'a Algebra, poet 8to Ta.ed. 

— Key to Wood'a Algebra, for Maaten and Tntors, post 8to 7a.6d. 

— Short and BaayCooTae of Algebra, crown 8vo. ....«.......Sa.6d. Key 9a.6d. 



Oeameiry and Trig(mom€tfy, 



Wriiiife Elemanta of Plane Geometry, crown 8yo 5a. 

PotU'a Sndid, Univeraity Edition, 8to. lOa. 

— — Intermediate Edition, Books I. to IT. 8s. Books I. to III. 

28.6d. Books I. II. Is. 6d. Book L la. 

— Snmusiations of SnoUd, limo. 6d. 

-~ Eudid's Elements, School Edition, 12mo. boarda 4a. 6d. roan Ss. 

Tafta'a Praetloal Geometry, with Ml Woodoata, 18nuK la. 

" Geosnetry, Menanration, Trigonometry, Ac Umo. S8.6d. 

DaTla'sFixat Six Books of EQclid'aBl«menta,fep Is. 

latalater's School Enclid, the First Foot Books, l8mo. Ss.8d. 

— Ck>llege EncUd, Books I. to VL and Parte of XI. and XIL 12mo..... 4B.6d. 

— CoUege and School Examiner in Bnclid, ISmo 9d. 

>- Endld G(qpy«Bodks, Noa. I. and IX. obkmg 4to. each 6d. 

— First Steps to EnoUd.l8mo ls.6d. 

Tata'a First Three Books of EnoUd, 12mo l8.6d. ISmo. 9d< 

Oolenao's Elonents of Eoelid, 18mo 4a. 6d.or with Key to the Exerdses 6s. 6d. 

— Geometrical Exerdses and Key 88.6d. 

— Geometrical Exercises, separately, 18mo Is. 

" Plane Trigonometry, l2mo Partl.8s.6d. KeySs.6d. 

— — ISmo Part II. 2b. 6d. Key 5a. 

Hmiter's Plane Trigonometry, for Beginners, l8mo la. Key 9d. 

Hymers*s DUbrential Equations and CalcQliu, 8vo. ISa. 

Johnstone's Elementary Treatise on Logarithms, 12mo 88.6d. 

Hunter's Treatise on Logarithms, ISmo Is. Key 9d. 

Jeans's Plane and Spherical Trigonometry, ISmo. 7s. 6d. or in Two Parts, eadi. 4a. 

— ProblemsinAstronomy.Jbo. or Key to the above, ISmo. fia. 

Stokea'sSyllabas of Trigonometry, fop Sa. 

Land Surveying, Dratoing, and Practical Maih&maties, 

Smith's Qneations on Land Surveying, nearly ready. 

Keabif a Practical Land Borveying, 8vo Ita. 

Tate'a Drawing-Book for Little Boys and Girls, 4to. la.6d. 

Bfaras's OrthograiAio Projection and Isometrical Drawing, ISmo la. 

-~ Qeomefarioal Drawing, Part L, crown 8vo. 4a. 

~ — — Part II. crown 8yo. with plate 8e. 

~ — — complete in 1 vol 9b. 6d. 

Barnard's Drawing firam Nature, imp. 8vo. 25s.; or royal 8yo. fa> 8 Parte. . each 78. 6d. 
Oape'a Course of Mathematios, voL 2, 8vo 16a. 

— Mathematioal Tablea, royal 8vo lOa.ed. 

Wlnter'a Kathematloal Exerdses, post Svo 6e. 6d. 

— Elementary Geometrical Drawing. Part I. post. 8to SB.6d. 

— — — Part II. post. 8to §B.6d. 

Kimbei'a MaOumatieal Coarse fbr the Uniterslty of London, 8vo. 10s. 8d. Key 8s. 6d. 
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Oeneral lifts of SohootBookfl 

Honter't Easy Introduction to Oonio Sections, 12mo 8s. 6d. Key it. 

Salmon's Treatise on Conic Sections, 8vo 12s. 

Wrigley's Szamples in Pure and Mixed Mathematics, reyised, 8vo. 8s. 0d. 

HamUton's Elements of Quaternions, 8vo Vs. 

Focal Music. 

The stepping-stone to Music, 18mo. Is. 

MacCurren's Lectures on Harmony, with Speelttens and Examples, 8to l<Ni. 6d. 

Tilleard's Sacred Music, for Schools, &c super-royal 8to ls.6d. 

— Secular Music, on the same plan, super-royal 8vo ls.6d. 

Two Ciollections of Sacred and Secular Music in 1 voL Se. 

— People's Chant Book, for the use of Congregations, ftc 18mo^ 8d. 

— Patriotic Part-Songs for Schools and Choral Classes, post 8yo Is. 

Works by John Hullah, Professor of Focal Music in Kin^s 
College, and in ^teen's College, London. 

Wilhem's Manual of Singing. Parts I. and II. ts. 6d. ; or together te. 

Exerdses and Figures contained in Parts I. and II. of Wilhem's Manual, Books 

I. and II , each 8d. 

Large Sheets, containing the Figures in Part I. of Wilhem's ManuaL Nos. 1 

to 8 inaParcel 6a. 

— — containing the Exerdses in Part I. of Wilhem's ManuaL Nos. § 

to 40, in Four Parcels of Bight Nos. each per Paioela 8s. 

Large Sheets, the Figures in Part n. Nos. il to 52 in a Parcel 9s. 

HuUah's Rudiments of Musical Grammar 8s. 

— Orammar of Musical Harmony, roiyalSvo 8s. 

Exercises to Orammar of Musical Harmony la. 

Hullah's Short Treatise on the Stave 2s. 

Orammar of Coimterpoint. Part I. super-royal Svo , 2s. 6d. 

Hullah's Infant School Songs 6d. 

School Songs for 2 and 8 Voices. 2Book8, 8vo. each 6d. 

Hullah's Exercises for the Cultivation of the Yoioe. For Soprano or Tenor 2s. 6d. 

Hullah's Exercises for the Cultivation of the Voice. For Contralto or Bass. 2s. 6d. 

Hullah's Lectures on the History of Modem Music. First Course, post Svo. 

68. 6d. Second Course, the Transition Period, with 26 specimens, Svo. .... 16b. 

Hullah's Sacred Music for Family Use. Music foUo 21s. 

Hullah's Part Music, Saertd Seriu^ for Soprano, Alto, Tenor, and Baas. New 

Edition, with Pianoforte AocompanlmentB. 2 vols. Imperial Svo 14s. 

Hullah's Part Music, SeetOar StrUi, for Soprano, Alto, Tenor, and Baas. New 

Edition, with Pianoforte Accompaniments. 2 vols, imperial Svo 14s. 

Political and Historical Geography. 

Burbury's Mary's Geography, ISmo. Ss. 6d. Questionsls. 

Outlines of Geography, by George Hogarth, ISmo lOd. 

The Stepping-stone to Geography, ISmo Is. 

Hughes's Child's First Book of Geography, ISmo 9d. 

— Geography of the British Empire, for beginners, ISmo 9d. 

— General Geography, finr beginners, ISmo 9d. 

Questions on Huc^es's General Geography, for beginners, ISmo. 9d. 

Descriptive Geography, being Vol. V. of the * Instructor,' ISmo 2s. 

Hughes's Manual of Geography, with Six coloured maps, fcp 7s.6d. 

Grin Two Parts:— I. £urope,8s.6d.{ II. Asia, Afrtca»America»Austra1as1a, Ac. 4a. 
Hughea' Manual of British Geography, top 8s. 
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MllfHi't OMgnphj GcntnllMd, fop Si. 

— Ipttodaatloii to Anctont and Modern Ctootraphy, Mmo. la. 

Hvfhii'fl Goofraphy flbr EltoiMitMT Bohools, ISmo. U. 

OoldHnith'sGfaiii]narofO«xionia«ography,ffopM SkM. Kcj la. 

OeirUng'i Introdoctloii to Qoldnnlth't Googrmphy, ISmo. M. 

— QoMtioiia on tbi Hapa in OoUUmlth's GooRrapby M. K07 M. 

Xanndar'a Traaanrj of Gaosraphy. fcp 10B.6d. 

Batlor'a ABoiaBt and Modarn Oaoipraphj, poat 8vo. 7a. 6d. 

— SkatflhorModarnOaograpluriPoatSvo. 4a. 

— Skatoli of Andant QaoRraphy, poatSro. te. 

CanninsluHn'aAbrtdgmantof Botlar'aaaogrHihy.fep la. 

M*Laod'aaaocTaph7orPalaatlnaortliaHolyLand.iamo. la.6d. 

— LUbaadTraTalaof8i.Paal,Umo. Sa. 

KatthJolinaton'aQaaattaar.NawSditioa,UM>roagli]yraTiaad,8vo. Sla.6d. 

Fkyiieal and MathenuUieal Oeography, 

MaroatTa Conraraationa on Land and Water, fcp. 5a.6d. 

Gayot'a Earth and Man, Fifth Edition, fcp Sa. 

Manzy*! Pliyaioal Geography for Schoola and General Beadera, fcp ta. 6d. 

HifiM'aOvtUnaa of Phyaloal Geography, llaio.1 8a.6d. Qoaattona 6d. 

Kdth'a Traatlaa on the Uae of ttw Globea, improrad by Taylor, Le Meaurier, 

and Middkton. Umo. 6a.6d. Key28.6d. 



School Jtlases and Maps. ^ 



Batlai'a Atlaa of Modem Geography, royal 8to. or royal ito 10a. 6d. 

— Junior Modem Atlaa,oomprising 18 Maps, royal 8ro 4a.6d. 

— Atlaa of Ancient Geography, royal 8vo Ua. 

— Junior Andent Atlaa, oomprlaing IS Mape. royal 8vo 4a.6d. 

— • General Atlaa, Modem and Ancient, royal 4to SSk 

— Geographical Gopy-Booka. Ancient and Modem, is. each Collection, or 

the Two together 78. 6d. 

M*Leod'a complete Middle-Claaa Atlaa, of 29 Maps, 4to 5e. 

— Hand- Atlaa of General Geography, 18mo Sa. 6d. 

— daaa Atlaa of Phyaical Geography, 18mo Sa.6d. 

Bowman'a Qaeationa of the above Atl:)8, 18mo la. 

M'Leod'a Phyaical Atlaa ofGreat Britain and Ireland, 4to 6d. 

— School Atlaa of Serfptore Geography, royal 6vo 7a. 

Brewei'a Atlaa of Hiatory and Geography, royal 8to 15a. 

Hnghaa'a School Atlaa of Bible Landa, fcp. la.ed. 

Geologjf and Mineralogy, 

Hao^hton'a Mannal of Geology, fcp 78. 6d. 

Phillipa'a Goide to Geology, with Platea and Diagrams, fcp 4s. 

— Treatiae on Geology, with Yignettea and Woodcuta, S vola. fop 78. 

Apjohn'a Manual of the Metalloida, with 88 Woodcata, fcp. a.4l. 

Natural History and Botany, 

The Sten^ug-Stone to Natural History, 18mo Ss . 6i. 

Or, in Two Parte- 1. Hammalia, Is. II. Bird*, MeptiUt, and FUku, Is. 
Owen's Natural History for Beginners, ISmo. Two Parta, 9d. eadk. or 1 vol. . . Sa. 

Tate's Natural Hiatoiy of FamUiarThing8,18mo.. Is. 

Maunder's Treasury of Natural History, fop. lQa.6d. 

Greene's Manual of C!orals and Sea Jelliea(CSts<«ntera<a), fcp. 5a. 

— Manual of Sponges and AnimalciUnCProtosoaV, f<^ ;,2b. 
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QdMral Iditi of SdiooUBodki • 

ThtMtonMnti of Botoay tor FinfllM and fldxwb, ftp. If. 64. 

Undtoy and Mocw^i t nmva r y of Botemj, « Parte, top. Mi. 

IiiHonfloiithonniTirM,Ae.,lwiiiKYoLIU.ofttM'Iiistniotor/liaiOi ta. 

BiraliiaQii'a HaMta and Inatfncto of Anlmaia, top ta.ld« 

CAemisiiy, 

MillMr'aKlimaiilaofClMinlftry, STola.8ro Hb. 

Part I.— Chtmioal Phyatoa, Ponrth SdttioB. 16a. 

Part IL— IiiorgaiiloGbeiiilatr7*FoarthBditioii,Sla. 

Part III.-OrKaiilo Ghmiiatry, Iliird Xditton, Ma. 

Tlala'aOatUnaaofXzparlnMntalGlMiniatnrtltono fd. 

OdU]is'alfaaiialofC!lMmiata7«P«rtI.»ro. tk 

" OoarMofPraetloalGlMiiilatr7.tor]lodloal8tiidanta,«own8v«b .... Tfifd. 

Natural PJUloscpky and Natural Seienee, 

OanofaPhjaiMitraiialatadlqrPloCB.AtUiiaoii.poatSfo. ISa. 

4jnotfa Klamwita of PhyaJea or Natural Philoaophy, 8ro. .......lU, 

Maimy a Oo B f tra at iona on Katoral Plinoaophar» ftp. Mi.6d« 

Tht^a Little PhJloaopliar, C UmMrg , Mtekamlm, and PAyato, Mmo. 8a.6d. 

— Lig]itaadHaat,forth«iaMoflMgiiuiara,18nio. Pd; 

— Hydioatatloa, Hydranlka, and Pnamnatioa, Ubio M. 

— Elaettidty, OKplataiad tor tbenaa of Iwmlnnora, Mmft, fd« 

— If agnatlam, Yoltato Elactrldty, and ElactrO'Dynamlea, Iftao. ML 

DonralBg'a Praetiflal Hydravlifla tor fltndanta in Xnglaaarluff, 8to 8a. 

Qnartarljr Joomal of Soianoa. with niaatratioDa. i§, aaeh No, 

Mechanics and Meehanism, 

Tata^a liardaaa on MarJiawtoa and Natural Philoaophy, llmo. la. Kty la.6d« 

"- Xa<dianioa and tha Staam-bicina, for baginnaia, Itono 9d. 

— Mwnanta of Machaniam, with many DJagrama, llmo. SB.6d« 

Qoodiva'a Bamanta of Madianiam, with 117 Figima on Wood, poat 8?o..... fi.6d, 

KatarandLaidnar'aTveatiaaonlfadlianloa.top. >a.6d. 

Twiadan'aIntrodaoti(mtoPra0ttoalMaGbanioa,orown8TQb 10a. 6d. 

Engineering and Are&Ueeiure. 

Booma'aTreatisa on tha steam Engine, 4to. tfa, 

— Oatechiam of the Steam Engine, fop 6a. 

— Handbook of the Steam En^na, fop fli. 

Main and Brown'a Marina Staam Engine, 8to. lla.6d. 

*- — Indicator and pynamometer, 8ro 4a.6d. 

— — Qnaatioaa on the Steam Engine, 8ro. Se.dd. 

fairhatm'anaetol Intormatlon tor Engineara. Fhrat, Saooud, and Third Sarlaa, 

with many Platea and Woodcnta, 8 Tola, crown 8to. .eaohlOB.8d. 

«» TraatlaaonMi]laattdMmworlc,lToli.8vo. SBi. 

Mitohail'a Stepping^tona to Arehiteotore, 18mo. Woodeata It, 

Moaday*a MadianioalPriuoiplea of Engineering and Arohiteetua, 8TO...,....8ia. 

Popular Jiironomg and Namgatum, 

Iha Stipplng-Stona to Aatronomy, 18mo la. 

Tata'aAatroDomyandthaUaeof tha01obaa.torbe8innarB.Utaio Pd. 

Haraohil'BTreatiaaon Aatraiiomy,fcp .*•••• 8a,6d* 

— OntlinaaofAatronoiny, Eighth Edition, 8to. Ua. 

Wrt»y> Otkatlai (Hjacta for Common Taleaeopea, Mmo. 7i.ed. 
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10 9mml JMt of ftabtolAootai 

lvtn*s]r»vtsatifla and Great CIrdU8«IIlQC,18no*- » !•• 

Mcrrl^ald ittd Ev«n'a Navlgitloii and Navtieal A^tranoinr, Sfow. 14a. 

Proetor'aT«ralT€Ma|Mortiie8ytf«,r(qral4feo......^ „.. «.».. 7a, 

Plata LlMu^/SIxirortbarnMapt; 
Pktt 11./'''^ I Six Soathern Mapa s 
Cootalnlng tha Stan, tiirir Namaa, 



Lattan. fto^ fha OonataUatkm Ft* 
aui 'a a , som MaridiaBa. DarHnaHwi 
ParaUala.fta. 



Plata ni.l' "fSix Voctham aUp* ; 
Plata IV.J*'"»^t81x8ottthemMapa; 

Gontaiiiliur tha Stan and MUky-Way 
only, oa ftUadt baokgroand. 



Prootoc'B Handbook off tha Stan, ai|aartflBpi.8ft0k 5a. 

— CooataUathwi flaamni U quarto Plataa 5a. 

— Ban-Vlawn af tha Birth, tatioaloandPlataa Oa. 

— Two Charta of tha Solar Sjfstiai each M. 

'' •* Chart of tha Zodiao,eoloQred....> , li. 

— Chart off Man. with 18 Vlava off the PUbmI la. 

Jaana'a Handbook fbr tha Stars, royal 8to. 4a.6d. 

— HaTigatlonandlfaiitV9ilAatroaoaiy.PAmvLFrapflea2,l8nio. 6a. 

— — — PastIL niMrvtieaZ, royal 8to.. 7a. <d. 
B<iyd>]faaiial2br Naval qfidat^l^hkdMiaont poa»8vo. n>.8d« 

Jnimal Fh/iiologif and iho Fretervaium of HetUih. 

Hooia I live In; Struetare and Foootioos of tha Homan Body, ISmOh 2b. 8d« 

Bray's Physiology for Schoola ....m*#.«.».m.*« >••• la. 

— Diagrams for Class Teaohiqg: .«,;m*>««.>«^<.*> perpabt eB.8d. 

Howard's drmDasta and Qymnastiflm orown 8r(». v........ 10s.6d. 

Xanhali'a OntUnes of Physiology, Homan nnd Oopapantlve, 8 tda. er. 8ra . .Ma. 

Domestic Economy and General Knowledge. 

Btams^s Qoastions on Generalities, Two Series, each 2s. ICeys eadi 41a. 

Lesaona on aottaeB,&c. being TotlLoftha'Instmctor/ ISmo. 8a. • 

Instructions in HonseholdMattan for Girlalaatlng School, fisp lB.8d« 

The Stepping-stone to Knowledge, 18ma : la. 

Second Series of the Stapping-Stone to Qentral Knowledge iBUa * I la. 

Borbury's Mary's ETsry Day Book of trsafhlKnowladgekl8inoi.aB.6d. Queatioiia, la. 

Chronology. 

Book of the Calendar,ThringyoI.iy.offthe'*tnatnietor/18mb. 8b. 

Conybean'B School Chronology, or Great Dates of Histoiy. aquare Uodo. la. 

Howlett'a Metrical Chronology, Sixth Edition, post 8vo w 7a. 

Woodward's Chronological and Historical ^cyclopaedia ilntke vnu, 

SlateKsAffteneto O»nmoto0r<e<r» the Original Wb|1t,12mo...,, .,.*,....., 8a^6d. 

— — ^ improYedbf M[.SeweU,limo. 'Ss.Sd. 

^ * . 

Mjfihology and JnUiquiiiei. 

Cox's Hannal df Mythology, In Qneatioh and JLnswez, fisp.. .4 As. 

— Tales of Andent Greece, crown 8vo ,. Oa^Cdi 

Dyer's History ofthe City of Borne, with 2 Mape,8?o. «Ua. 

Becker's QaUut : Roman Scenes of the l^me of Augustas, post Svo. 7s. fid. 

— C»arieU$ : Illustrating tha Private Life of the Ancient Greeks. 7s. 6d. 

Bioh's Dlostrated DiotkniAiy orBoflPttttandGreekAttttqditleir.poM8vo 12b. M. 



Gleig's Book of Biography, ISmo .,.........,.»•'••«.•.••••• ML 

The 8tepping>Stone to Biography, 18mo.^ . , . ...^ .", , . , .,.,,,, ^ ..^,„ „ ^y. , i„ , ^, , ^. ji^^ ^ 



London: LONGl^N^ i^i4,cp,,^temo«ter Jtow. 



.1 



I" , ' "' W- '^^' '■ " ■' -^^pmo^******!""*^^ 



G«Mca UMiior 8«hMSMk» u 



Mannder's BioRmphieal Tremny^n-writtoii-lqr W. flj« B. Gfttm/fcp. Ita. 6d, 

CaXmftDUiimvjotQtixMaiBiomflhjiBro 111. 

Tou Baamet's 14li9 and Syatem of Pestaloazl, 8vo. <. ., ^.. fie. 

• « • -• ■ 

Oaim and Tuner'a History of BnglaDd [/« tito jMfW. 

TurnepB Analysis of English and F9pn«^ Btotory, fop. i..... Ia.6d. 

Oatlinesoftbe History of England, 18oM>,k«v^wi « Is. 

The Stepping-stone io English History t)9inp.^.....^.... «....« , It. 

Lnpton's English Hiatory^ Seoond JBditiini, reviaed, crown 8vo. ,..«..... 7e.6d. 

Gleig's School History of England.. ahridgfdvlSmo. ..... ^^ . ^ 6e« 

-^ First Boole of History— E«i^«iid«l8Drio.Se» or if parts each .M. 

— British ColoniM^or Second Book of History, ISmOb M. 

— British India, or Third ^Qok of Hi#}iory»ie^o 9d. 

Historical Questions oa the above Three HistofieSfUmo. »... ' 9d. 

Littlewood's Essentials of English History, fcp « Ss. 

Bartle's Synopsis of EagUsh History, Bevised Edttion* fop Se.M. 

Scott's (Sir Walter) History of Scotla&djSyoIa^ffPi ....>«.tf...r 7s. 
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General Uisiory. 

Staflbxd'sGompendininofUnivcnalHIMibry, fdp. ...» is. 

-Blements of Modem History, being. Y61. VU. of the 'Instructor,' lSn^o.,..Ss. 
Elements Of Andlerit History,, being Vol. VI* of t)io* Instructor,' V^q,..,.. 2a. 

Tales, fto. trim History, being VoL I. of the ' iDstmctor,' .18mo. <•• ' 

Keightl«y's Outlines of History, Uom the^^rliest Period, fop< , ^ as.6d. 

Outlines of the History of France, Third Edition, 13i^(> « Is. 8d. 

The SCeppingwStone to French History, l^mo, »......,..» H. 

Crowe's History of France, to the Aocesi^ion of Kapoleon III. 5 Vols« 8vo,. .£4 15s. 6d. 
Beesly's Noted ion Macaulay's Essay on the War of the Suooession in Spain, fcp. Is. 

Haunder's Historical Treasury, with Index, fcp 10a.6d. 

Hangnail's Historical and Miscellaneous Questions, 12mo 4s. 6d. 

Comer's Questionson the History of the Kations of Europe not comprehended 

in ManffnalVi Que$tion8, Bevised Edition, ISmo.. . , ,....» 6s. 

Turner's Analyeis of the History of Germany, fcp 88.6d. 

Marshman's History of India, to close' of Ld. Dalliousie's Administration, 8 v. 228. 6^. 

Sewell's Ancient History of Egyp^ Assyria, and Babylonia, fcp. 8s. 

Outlines of Greclin History. 18mo. .^.j.^^.,., ...... ../.,...,. Is. 

The Stepidng^tone to Ancient Grecian history, Ifimo ., U. 

Biowne'sHistoiyof Ahdehi Greece, for beginnersjlSmo. .*....... Od. 

Sewell's First History of Greece, fcp. 88^64. 

Schmitz's History of Ancient Greece, Sixth Edition, fcp 7s, 6d. 

Cue's Histories of Ancient Gi^ece and Ancient Borne, drawn from Original 

Authorities, and designed chiefly for the use of Colleges'. '....{tn pr^panMon, 

Cox's Tide of the Great Persian War, i^om fferodottw, fcp 8s.6d. 

Taylor's Student's Manual of Ancient History, crown 8vo. 7s. 6d. 

— Student's Manual of Modem History, crown 8vo 7s.6d. 

Tnmir's Analysis of the History of Grseee, fop. ,« Sk 

Thirlwall'a History of Ancient Greece, 3 xols. fcp,.- ^ tts. 

MOUar'a Literature of Andent j8i>eoc«^traits..li^ Le«ils JtI>onidd80D, 8 t. Sro. ais. 

Seweira Child's First.Hlstory of Roma, fop... u,./..v.< ts.ed. 

Parkhurst'a Questions on Sewell's CMldSa Pint History of Borne la. 

.OutUiM8af.AnoieDtBoibaa History, llmo. .......; IM. 

n».gtoWyiag-SUioa to An<<imt Boimim. Hisfarty, Ifiiii^ .v. , . o . > It, 

Uindoi^t JU)NGM4sNS and CO. Fatarnoiter Bof. 
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Ttewi^lM4nli«fABd«tBaiiiMiHlilQC]r,ftp« te. 

m«MrtHlt|ai7«rABd«tBflaM.krb«lnM.Un«. "" •» 

noM't Bfloia* Hlfteiy to tlw Tfanl Pimle War. . . /. ////.V.V.'. '.'.'. '.'.'.'.'.'.'[jfiori^ rtadw. { 

8cnptnr§ Hiiioff and R$liffum JTorii. \ 

andHlBMr tolptan TmU. GhronologlMny Amnirad, 18Qio.li.idM 
or i» Two Parte, COU IMmimI VMti and JITMi], Sd. Meh. 

riariloiMtoBlbtoKB0iriid|ibl8BM». !• 

OirtUaiaariacndfllalMT.liBio. Si^d. 

aiilg^0MradHMotT.orftarthBodk«rHlatoiy,lteo.li.orSPartaMfliL*. 9d. 
YalvT'iLiitlBliiltoMaorSaaNdHialflry.Uno. .^. t,.^ 

Ionilia'aBlblaNamtlTtOliniiologloanyAnaii|ad,IlnM. fis, 

■Hflotlffe Orittoal and Or aimnatto a l Ow M iMa lar j on BL Fanl'a BpiaaBi,8voL 
Xofliid Bdltioiiat-€alallaiii,li.fd.t ■phMfaiu.Si. 6d.t The Pastoral 
I p l i M iii lti.M.t mUptUmM, O O o aa l a n i, and PUteDon, Iti. 6d. ; Thoa- 
aaloniaaa« 7i« M« 

ChB yt aa w aadHoiiraon'aLlliaadgiiiatlaa of St. Pawl,! vela, crown gfo, 1^ 

Pa tl a 'a PaUy'a lyldanoaa lad Raim FmMiImm, »ro. l«a.fd« 

BmrmTa Bipoaltion of tha Tlifaty-inaa Artidaa, Bre. ii.iua. 

florlifa BM Mnfa a tkin Qma ti o n a on tha abort, fep. 8a.M« 

Blddto'aManoalofSoriptaioHlitoiy.liBp ^ 

— Ootltoaa of B cr luiM a HIatoty, fen. ta.ld. 

HonaPalBlndaolianto^M8«riiitiuia.4Tola.8fo. ■ \ 4fr 

— OenpaBdioaaIiitrodiifllloatotiiaBfbla,poit8To. '* la. 

XaUaek'a Ooamaaiitaiy on tliaOldTaataiiianti with a Haw Tnmdatkm. ToL. 

I. Oanaila, »ro. 18b. or adaptad for tha Oantral Baador, Ua. ToL H. 

Bndoa, ISa. or adaptadte tha Gonaral Baadar, lla. TdL m. Part I. 

Lavltlaw to Ghaptar Z. Ua. or adaptad for tha General Baadar, 8a. 

DaTldaaB'alBtndiietlontothaNawTeatainant,STol8.8ro. A 10a. 

Hnmphry'aOoninantaiyoBtheAetaoftheApoatleo.STO sa. 

Oook'aAetaofthaiLiioatlaa.wlthaOoDunentary.fto.Sro. .'.*!.*lli.6d. 

liowan'aKaytothaAfltaorthaApootlao,fop 4g U 

Whataly'aiatradaetofyLoaaona on Christian ETldonoaa,18nio. ad. 

Aadan'aABaIyaiaofthaaheTabWithBsaiBiBationPqpera,18mo. 6d. 

Bardaj'a Bdltion of Whatolara Leaaona on Christian Eridenoaa, fop. 8a. lamow 6d. 
8twaU'ain8htIiaiaonafroin8oriptare,8lma li. 

— MMbaminatton before CoQllrmatifln,8Snio. UiCd. 

— Tt—iMtip fer a Mflwth P^if^t^f^^t^llfy t^ Oftn^^m^atifln^ ftp. u, 

— Preparation for tha Holy flommnnion, a8mo Ig. 

— B en dln ga for Bvoty Day in Lent, from Jeremy T^lor.fop. \,[\ Si, 

flydanham'aChnrahOafteohiamBxp!ained,18mo. ^ 

Bartle'aXipoeitlonoftheCfaarohOateehism.llmo la. fd. 

Oooper'a Ballant Pointa of Sorlptva History, the Pentatenoh, IBmo. 8d. 

MetM and Mana Phiioiophg. 

Iiewaa'aHiatoryofPhi]oaopbyfromIhalaatoOomte,8Tols,eTO. 88a. 

Whaldy'a Leaaona on Beaeoninff,fepb lg.ed, 

]Ci]l'aAaalyaliofthaPhanoniannofthaHnmanlCind,avola.8ro. 8Ba. 

«- 8y8temofLoile,BatlooinatiTeandIndiwtiTe,8vols.8TOi. Ki. 

8tebUng'sAna|yatoof]fffl'a9yatemofLo8iOiUmo. 8B.0d. 

Xhomson'sOiiaineof the KeoeeeaiyLawa of Thought, poet 8V0. 8a.8d. 

Baoen'a Baaaya, with Aiinotattoia by ArchMriiop Whately. 8to. iiB.id. 
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Ibrkljf'sBMon'tAdTnoaiiMnt of Learning, fop. it. 

— — EMiyi. with BeflnrinoM and No(m» fop. ls.6d. 

WbaMy** Xlomonta of Loglo, 8ro. lOi. 6d. crown Sro. 4«. 6d. 

— Elem«ntaofBhi0torie,8vo.lOB.6d. orownSro. 4a.6d« 

Bain's Bhetorlo and Engliah Compoaition, orown Sto. 4a, 

— Xontal and Moral Solence. Saoond Editloni orown 87o« 10a.<d, 

Morall'a Handbook of Logle, for SohooU and Taaehara, fep. la. 

— Introduction to XantalPhiloaophy, 8^0. ISk 

nohta'a Oontribntiona to Mental Philoaophy, Iqr Hordl. fep. 6a. 

Morall'a Blamenta of Piycholagy, Parti. poetSro. 7a.6d. 

Civil Law and Political Science, 

Uant^M WUIy'a HoUdaara, or Converaatlona on DUbrent Kinds of Gorem- 

menta,lBmo. la. 

Sandara'alnatitateaof Jn8ttnian,8To 15a. 

Twiaa'a Law of Nationa. Part L In Peace, 8to. Ub. Part IL In War, 8to.18s. 

Frinoiplei of Teaching, ^e. 

Sewell'sPrinelplea of Education, I vols, fep 12a. 6d. 

Johnstoi's Ladiea' College and Scbool Examiner, fop. l8.6d. Key 2B.6d. 

BoWnaon'a Mannal of Mefeod and Organisation, Ibp. 8a.8d. 

Qill'a Text-Book ofSdiodl Education, Method, and Management, fep Sa. 

Qalek'aEaaa7aonEdaeationalBeformerB,poat8TO. 78. 6d. 

BnUiTan'aPapera on Ednoatlon and School-Keeping, llmo. 2s. 

PotU'a liber OanUbrigienaia, Part I. fop. 4s.6d. 

— Aoooont of Cambri^ Scholarships and Exhibitions, fop. Is. 6d. 

Lake'a Book of Oral OtjeotLrssons on Common Things, IBmo. l8.6d. 

The Greek Lanffuage, 

Donaldacn'a Ghmmb Orammatiea Budimenta, Editio Tertia, fep 2s. 6d. 

Tarry** Elementary Greek Aeddenoe, 1 tmo [ifsorfy ready. 

Farrar's Brief Greek Syntax and Aooldenoe, llmo. 4s. 6d. 

— Greek Grammar Rnlea for Harrow School, 12mo l8.6d. 

Kennedy'a Greek Grammar, Sixth Edition, 12mo 4s.6d. 

•* Greek Verso Materiala, or PalsstraMosamm, llmo 6s.6d. 

Miner's Elementary Greek l^tax, post 8ro 4s. 

OolHa'aPonteadaaalei, No. II. Greek, llmo. Ss.6d. 

— Praxis Gnsea, in Three Parte, llmo. lls.ed. 

Pass L Etymology, llmo. Is. 6d. | Past II. Syntax, llmo. «s. 

FjLM in. Greek Accentuation, Exerdaea. and Examination Papers, llmo 8s. 

Collis's Greek Yerse-Bookt Praxla lambica, llmo. 48.6d. 

Walford'sProgressiTe Exerdaea in Greek lamUc Verse, llmo. 28.6d. 

Donaldaon's New Cratylua, Third Edition, 8vo. ;.lls. 

Edwards's First Greek Header, with English Notes, fep. 4s. 

Wilkina'a Manual of Greek Proee Compodtion, crown 8to 7a. 6d. Key 2a. 6d. 

— Exerdaea in Greek Proae Compodtion, crown Sto. 4s.6d. Key 2s.6d. 

» Progressire Qtedc Ddeetus, Itmo. 4a. Key Is.ed. 

Major's ElamentaryPraxia of Greek Compodtloo, llmo, 2s.6d. 

WUkina'a ProgreadTe Grade Anthology, ISmo 5s. 

Valpy'a Grade Ddaotoa, improved by the Rev. Dr. ¥rhite, llmo 4b. Key 2a.M. 

Hall'a Prindpal Boota of the Greek Tongue, llmo. 5s. 

TongePa Larger Englidi-Gf«ekLaxIoon,4to. 21s. 

. Bn^lah-GredE Laxioon, abridged for Sdiools, square llmo. 8s.6d. 

LIdddl and Seottfa Larger Greak*EBglidi Lexicon, crown 4to Sls.6d. 

— — — Giedc-Enfl^h Lqioon, abridged for Schools, square ISmo. 78.6d. 
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BoMBMof ■ Brmk and locttBh Lezloon of tlie Xenr Testament, 8to VH. M. 

WSilaUr and W]lUoaon*v Qnak Ttotunent, with EngllBh Notes, i toIs. 8to. . . 44s. 
▼ol. L tiM €hiqpds and Acts, «te. I VoL II. fljfl lU)l8tles ud the ApocaIypM,M^ 

Bhwmtlaid's OoU^ and BdbotA Greek Testament, fcp ^. 7a. 6d. 

WUkina's Oul|itun s Attid, Excerpts, with BngUsh Ndtes, crown 8yo 7a. 6d. 

-~ OhmthiMstifDamoathenes, with English Notes, crown 8vo 4s. Hd. 

ZtUar'a Doci ataa and tlia Boeratio Schools, by the Ber. 0. J. Reichel. crown 8vo. 8b. 6d. 
-> A r l a to H a and U» Eldor Peripatetics, translated ty J. A. Symonds, HJL 

Onttt*aBthiaBorAriBtotla.Mt& Essays and Kotes, 2Tois.8To Sta. 

Conffrarv's PoUtica -of Ariatotta, with English Notes, 8vo ]«b. 

AnthoB'B Homar'a Iliad, Booka L to III. edited by the Bey. Dr. Mi^or, 12mo.. . 4a. ed. 

Pladar'a Odea, Ae.. rafiaad and «BE|daiDed by IlaaaUsoB. 8vo. IBs. 

Mijor's il/Mstft, Hteuba, Medsa, Or«$t«$, and Pkcpni$m pf Eiuipidea, with 

Xttglish Notes, post 8vo. 24s.; the Plays separately eadi 5sf. 

8o|diocli8 TragoMlitt Soperrtftea, recttisnit Gnirelmus Lhiwood, H. A. 8to 16s. 

Sight Coniediea of Aristophanes* U«t)<Uited by L. H; Rudd, H.A. 8vo iSsi 

Sopbodis (Ettf^Ks Aa«, (Xdiput CoUniMu, and AtMifons, by ferasse, Sa. each. 

PMIoetetos, by Bnxiiea, 5a. 4fa« and EKactrOfe by Valpy each Sa. 

Excerpts ex Herodoto, wlA En^ish Notes, by J. R. Major, D.D. fcp 48. 6d. 

Isblster's Xenophon's Anabasis, Books I. to JIL wUh.Notes, Iftoo.. 8a. 6d. 

White's Xsoopbon's Expsdltton of Cyms, with English Notes. ISmo Ta. 6d. 

Sheppard and Evans's Notes on Thncydides, New Edltiou, pearly ready, 

Hlclde's Xenophon's Memorabilis of Socrates, post 8vo, ^ 8a.ed. 

Party's Bagas et Heroes, from Herodotus, with Notes, crown 8to, Sa.8d. 

The Laim LamguajB, 

ThaPnblie SehoolLatfai Primer. ICmo. ft.<d. 

SnbMia Frimaria, Stepa to Latin i Ck>mpanion Exercise Books to the PuMie 

SekoQlLaHnPriwut. By the same Editor. Part i. Sa. 6d. Part II Ss.6d. 

Key to the Exerdses in Subtidia PrimaHa, Parts I. and II. price 5s. supplied 

to 11I8TBU0TOB8 Only on svpUoation to the Poblishflra. 
Higher Latin Grammar, a Classical Latin Orammsr for the Upper Forms in ,. 

Pablie Schools, by the Editor of .tbePabUo 6Gbool Latia.Primer, 8vo.£/ii tkeprmt, 

Sketdioftbe History of Grammar, Umo. « ls,6d. 

Kennedy's Child's Latin Primer, or First Latin Lessons, limo. 2s. 

The Child's Lstin Aoddanee, sKtraefeed from the aboT«».lSmo Is. 

White's First Latin Parsing-Book, 12mo. ...< ,.... Sa. 

— First Latin Exerdse-Book,12mo...,..»..« as.6d. Key 2a.6d. 

Collis's Prwcts £a<iNa PHmario, 12mo. r« •.*..*.«... 2s.6d. 

WilUns'sProgreasiTe Latin Deleotas.l2mo.......,..,....^ Ss. 

— Baay Latin Ptosa Exerolsea, Second Edition, crown 8to. 2s. id. K^ 2i, 6d. 

White and Riddle's Large Latin-EngUsh Dieti<vaai]r,2 vols...4to 42a^ 

White's College Latin-Bngltoh OietiQnary (Intermediate SUeX iMlam 8vd .. .18a. 

— Junior Student's Complete SngUsh-Littin and U^atiDcfingllBh Dic- 

tionary, aquarelSmo 4. <».i.< .12s, 

* SMmMiAlv /ThsLstin-EngUshDictionaryiprioeTs. 6d. 

ovpwmw r 1^ j,j^ Bnglish-Lattn Dietionafy, price 5a. fid. 
Riddle's Complete Latin-English and EngUsh-^^aOn Diationaj(y,&TO^ .«««.».... 21s. 

SeDsrately J The Em^ifh-LnUn Di0ti»niM7. 7s^ 

DVIIVWW7 ^ j^ Latin-Bnglidi Diistlonsiy, Wa. 
Riddle's Toung Sdidar's Lafe.>Ei« and Bng.-Lat. Dlottoaary, square Umo. \ .IQs. M. 

fl^MMt^w /TheLatio-BngUshDictigfBsnr.is^ 

Depanwiy I xhe English-Latin Diot4«Baiw6a^ 
Siddle and Arnold's EngUsh-Latiu LeKifxsv^viK' <«»■• '4w'i««<>(- < ••*»•'*» ..f •*..;. .21s, 

— — — Abridged by Xbdan4S<iaai!epwt8T0i, ..« Tfegfld. 
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Kanoedy'sJaenMntafyLatiuClfaiiuoMrtlSBio .......•••• Sf.M. 

— lint Latin Reading-Bool;, or TrinodiilHii Loitenn, Umo» So. 

— Second Latin BeadinrBool;* or Falattraliatini^tUBio. ;..,... 6r. 

CoIUb's Chief Tenses of the Latin and Greek Xnegnlar Torbo^ tabnlarly ar- 

iangod,8vo ..«. « oacfaOidleeUon Is. 

Shoppard and Turner's Aids to Glaasioal Study, ISma So* Key es. 

Moody'aKew]&tonLatin6ranunar,lSiiio.t8..<d. TlwAoddenoe separately .. Is. 

Coilis's Pontes Classid Latini. , Sixth IMUtion. Itmob ....4 8e.6d. 

CoUia'A Praxis Latlna^ Two Parts, ISmo., .,«.;, .. ..;,..... : <. 5s. Bd. 

Part I. for Beginners '...88..9d.J psrtll. fovAdTBooedStadenta.. Ss. 

Han's Principal Roots and Derivaliyes of ^9. LfUn Langnafo, limo 4s. 6d. 

Donaldson's Varronianus , pr^lntipdiietlon to Pbildogioal Study of Latin, 8vo. 16s. 

Motor's Latin Sxerclses for King's CoUegq School. fopi. Se.6d. 

-> Passages from the Spectator, foe TransUMoniatCLLatln, ISmo. « Ss. 6d. 

'W'alford's Progressive Exercises in.LattnPn>9«.)flmo......... fis.6d. 

Biadlay's Latin Prose filxerclsM, l^mo*. , « . .i ..4. Ss. dd* Key 5s. 

— ' Ckmtihaoos Lessons in Latto^?web^Cim».. .......,..<...«'. .5a.-- 1^ 6a.€d. 

Beverley's fixeroises in Latin Prose Pomposi^n, ennm 8vo. ... . . 2s. 6d« 'Key Bs.- 

Wilkins's ItiEtnual of Latin Prose .CoviposUiiona grown 8ro 5e. 6d. Key 2s. 6d. 

— > Latin Prose Exercises, crown BvOb ^..•. ...^ 4s.6d. Key 6e. 

Edwards's Progressive Exercises i9LatlqL]ncios»Umo. *.., , Ss. 

Wilkins's N'otes fipr Latin Lyrics (in use in Harrow, &c.) 12mo 4b. 6d. 

— Latin Anthology, for the .{nn,lor;Qlapsw*18oio.\ 48.6d. 

Valpy^s Latin Delectus, improved by the Rev. Dr. White..l2mo. 2s. 6d. 

Tonge's Latin Oradusj poet 8vo. '98.,- or with Appendix. I2s, 

Rapier's Introdoodon to Cknnposition of Latin Verse 12mo Ss^ 6d« Key 2s. 6d. 

Walford'o Progressive Bzerelaerin Latin Biegiao Verse. l^Smo. v.>8,6d. Key 5jb. 

■ _ ... . .*,. .^ • • Second Serlet, 12mo^ ,..,.....'... 2B.0d. 

— > Card of Latin Prosody-.;:; ;...:....^ .., ,. is. 

Tonga's Odes and Epodes of Horace, School Edition, 12m.o. 4s. 6d. 

— Satires-and BpistlevofHorace, School Edition, 12mo. ,.,....' 58. 

— Library- Edition of tlwWorks of Horace, 8vo, , . , ^. .. , ,' '. .".Els', 

— EtonPocketEditixmofthe Works of Horace, 16mo. ............ k.,.. =48.6d. 

Glrdlestone and Osborne's Horace, 12ino .',, ^, .^ ^.. ...... .!., 7s. 6d. 

Coniogton's JBneid of Virgil, translated into Engltsli Verse, crown 8vo 9b. 

Kenny's Virgil's JEneidi Books L It. III. and V. 18mo.,,,... each Book Is. 

Anthon'siBneidofVirgil.Editedby Dr. Major, l^p. .;....,^ ;<, 5b. 

Pycroffs Viitil. with English Notes. 12mo. 78. 6d.withoilt Notes ...' SB.0d* 

Bradley's Troy Taken, the Second Book of Vii^U's ^neid, fcp.. 2s. 6d. 

Parry's Origines Bomane, from Livy, >Mth English litotes, crown Svo. ,...«... 4s. . 

Party's CifeeronisEpiatolaitnnD^lecttis, post 8vo. « 6s. 

White's Cicero's CatoMsJor and Ltslius, 12mb 8s.6d. 

Bradley's Comelins ^epos. improvedby the Rev. Dr; White, 12mo Ss. 6d. 

— Selections from Ovid's Hetamorphoses, improved by the Rev. Dr. 

White, 12mo ..', : ..: 4s. 6d. 

1 ' — Select Fables of PhflBdms, Improved by the Rev. Dr. White, 12mo. . . 2s. 6d. 

— Entropios, imptovad by this 'BeV. Dr. White, 12mo.^ .' 2s.6d. 

labister^s Casar, Books I.— VII. 12mow 4s. or with Reading Lessons 4s. 6d. 

— CMsar'sOominantari^s, BoofeBl.— V. ISmo Ss. 6d. 

«-. First Book of Casar'sGaHio War, 18mo. ls.6d. 

Kenny's GMaar'i CottkiMntarlas,' Book 1. 18mo. Is. . Books H. and III.. ....... Is. 
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nia Sten^ing»Stoae tvFroneh I^ontmoiatlcn, ISmo; is. 

Prendergast's Masteiy Saiiea, Frencti. Third EditioBt IStno. «... «... Is. 6d. 
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mi l iw ir d't R a k i mi< 1 BurdM i on tht FmndhLMHHf . Part L cr<wm gyo.. . a 

▲lMti^Hoirto8pMkFnBah.HgbthXdltloii,lbp. a 

" iDrtM i t M w o M WtmnA Mamtam. Ntw BdUkm, f op It. Kcy't 

— WimA Fwmomwit<l, SdfrHttpt, ptiM Ow SHimirg. 
Pwtiy. wtlh Mmliah KoU«.18iiio 1 

'■PrMtioAirrtiMh and iBfliihDIotlflnmiT, port 8vo lOi 

FKtI.mMli-Ii«lUi,B«.6d. PMrtII.Biitflih-Fr«idb,8i.fd. 
*- Podtit rnnch Md XngUih INolloiiaiyt iqiiMo UBio a 

— Ilnl8ltptBfrtiich,llmo ^ 

^ WnnA ChfMOBHur, lino* ,,, Si 

K«jto;tlMliHdflMinOOBtMiMMi*t'nntStop'giid'Fc«iMdkGnmin«^^^ Si 

Owitinmn'i Oaldo to Piwnah Traiwtotinn, Mmo U,9eu Key St 

— PiuMtwin ot Podtoo Wnn^tJMt llmo ft 

— PrMtdolALttUntvoFruioidM.lftaio. ft 

-. Atedftfdol'HirtoiitdoFnuifltkltnio. fli 

8awtiroCailwFMllM>ftoinlIodiniFroiiflhWitton,eroirn8To A 

— ■ttrdtiOlialiUdMAvlmiriXodoniai.oNfwn 8¥0 So 

— OiBtat ol CritlaaM Pnui«ftto, orawn 8^0. Sa 

WkhwrnuaV* Locfamo Frimilm from Modora Amfaora. Itmo lo, 

M«lMBtr'fP0toiCraOalH0a,orPlil]oloffyortlMFKtndkLaBgiii8O,lSmo....^ 48. 

German and Hebrew. 

JoitTi Gomuui GnnimAr. Itno. lf.i 

H ffAtny Book* UlSO • • •••..«•••...••.•■..... 8i«i 

Ctomian Gnmniar. fcp Si. 

— Gonium BiordMt, f^ St. 

— GorauHi Boodor, ftp. 6i. 

WintMr*! Pint a«nnaa Book llnrBi8iiiiMn,fq;i. Sa.{ 

Pitdbn**Piodiirtf ■ Bltiiiantoiy Gonnaa GeMiunAr» ISqi. fa.! 

PitndnrsMfe** Handbook to fbo Maatory SoriM li.1 

— Maatonr Sortoi, Gtrmau l8.i 

BlaflUflj and PxiadlAodor'a Praotloal Gorman and XngUih Diotionaiyapoat Svo. 7a. i 
Goetht'a Iphisenio anf Tanria, BngUah Notea by Oppen, fiv '28. 

— Xgmont, with Kngliih NoCaa by Oppan, fop Sf.ll 

Leaaing'a lOnna Ton Baraholm, English Notaa by Oroen, fop 2s.< 

— Nathan dor Wolao, Engliah Notea by Oppen, fop. [JITMriy rMUJ 

SohUlar'aWUhalm Tell, with EngliahNotaa by Oppen,fcp. 2bA 

Prendorgaat'a Haatory Sorias, Hebrew [i^eorly r«tfd 

Kaliaeh'a Habcow Grammar, with Bieroisea. PartJUSro. ....iaB.6d. Key 6b. 

ILSto 12a. 



Hindustani and Sanskrit. 

Uailir'B (Max) First Book of the mtopadeaa. Royal 8to. It. Sd. or Sanskrit 

Textonlyl 88.61 

— Second, Third, and Poarth Booka of the Hitopadeaa. Boyal 870. 

78.8d. Sanakrit Text only 8i.6( 

— Sanakrit Grammar for Beglnnera, in Dervasari and Boaan 
Letters thronsboat. Boyal 8vo 158. 

Banfty'a Banakrit-Bngllah DiotUmary, the Sanskrit Words printed both in the 
Original DoTangari and in BomanLettera, 8?o. 680.6^1 



1^ The School' Booki, Atlaaea, Maps, ftc. comprised in theae Genera 
Lista, are more ftiUy deacribed, under the preaent dassiflcation, fn Meiir>< 
LoicaM A KB andCo.'B CmiiOoffut tifSehoei-'Bookt, 4to. pp. 88, whiehmay be bi^ 
rratia or will be forwarded free of postage on application. 

LoBdon: LONGMANS and 00. PSftimOBtar Bovr. ^^ ^ 
8toiBsiroo»a aib co.* tftortaiiu uatMM axu mnooiBiiB. 
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... STEVENS AND HOLE'S SCHOOL 

SERIES. 

Worhs ly Messrs, Combes, Stevens, and Hole. 
THE READY WRITER : a Course of Eighteen Graduated 

Narrative Copy-Books, in oblong 4to. price Thbeepbbtcb each, designed to 
meet as far as possible the Writing requirements of the several Standards 
of the Bevised Code, and generally to lead to Good and Correct Writing. 
An Bdition, printed in Pencil-Ink, of 'The Ready Writer' Books I. to VIII. 
marked Books A to H, may also be had, price Thbbbfbncb each Book. 

THE COMPLETE WRITER : a Course of carefully Gra- 
duated Narrative Copy-Books, designed to lead to Good and Correct Writing. 
For Upper and Midole-Class Schools. Complete in Sixtebn Books, quarto 
size. 

Works hy Messrs. Combes and Hines. 
THE STANDARD GRAMMATICAL SPELLING-BOOK, 

J rice Iff. 6d. Or in Four Parts, Pabt L price Sixpence, and Pabts II. 
II. and IV. price Ninefence each. 

THE STANDARD ARITHMETICAL COPY-BOOKS, 

intended as a Finishing Course of Arithmetic in the several Standards of the 
Bicvised Code, calculated to ensure Good Figures, Concise Methods, and 
N^ Correct Bicsults. Oblong 4to. in NiXB Books, price Sixpencb each. 

THE COMPLETE ARITHMETICAL COPY-BOOKS, 

for Upper and Middle-Class Schools ; being a carefully-prepared Ceurse of 
Arithmetic, advancing Step by Step from the Simplest Elements to the 
Higher Branches of the Science. Complete in Nine Books, post 4to. size. 

THE COMPLftTE CIPHERING BOOK for Home 

Tuition and Private Schools, being the Nine Complete Arithmetical Copy- 
Books bound in One Volume,— may also be had, price 6». 6e{. cloth ; or m 
Thbbe Pabts, price 28, 6d. each. 

SCRIPTURE FACTS CHRONOLOGICALLY AR- 

BANGED, in Plain and Concise Lessons, with References and Questions for 
Self-iubtruction ; forming a complete Abstract of the Old and New Testa- 
ments. l8mo. price is. 4c?. or in Tinro Parts, Old Testament Facts and Ifew, 
price 9d. .^_««««.«.... 

SCHOOL BOOKS BY MESSRS. COMBES 

AND HINES. 

AEITHMETIC STEP BY STEP. Pabt I. the Six Stand- 

ards of Arithmetic, according to the B>evised Code, price Is. Pabt II. 
designed fbr Pupil-Teachers and the Higher Classes m Schools, price Is, 
Complete in 1vol. 12mo. price Is. 9d. 

THE COMPANION EXERCISE BOOK to ARITH- 
METIC STEP BY STEP. An oblong 4to. Copy-Book, ruled in faintly- 
marked Squares, f^r Arranging and Entering Sums after the manner of the 
Examples in the Arithmetical Copy-Books. 

IMPROVED SCHOOL REGISTERS; comprising Class 

Registers for Forty or Sixty Names, either for Nine or Twelve Weeks, both 
in 4to. and folio, price 2s. each ; a Register of Admissions and Withdrawals, 
in folio, price Qs. ; ^^""^vMMtfJSS^ool Fees, in folio, price 28. ; the Teacher's 
Examination Schv^ ' ^«i«^^wdtne Teacher's Log Book, 

or Diaiy of School ;''**^t Registers. 




London : If jboBter Row. 
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